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ADVERTISEMENT. 

f- 

-As  many  who  attend  this  Courfe  may 
not  have  made  philosophy  ^previous Jiudy,  ' 
it  may  be  fuppofed  that  many  of  its  ufeful  . ' 
parts  will  efcape  the  memory ; ’tis  therefore  ^ 
at  the  requeft  of  thofe  I have  drawn  up  this  • 
fhort  Analyfis,  by  a {hort  look  at  which,  any 
particular  propofition  or  experiment  will 
eafily  be  recolle6ted. 
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LECTURE  I. 

On  the  general  Properties  of  Matter. 


hundred  and  fifty  years  are  fcarce  elapfed  fince 
the  clouds  of  prejudice,  which  had  long  overfpread  the 
world,  began  to  clear  up,  and  men  were  convinced,  by 
cultivating  the  fciences  and  attending  to  nature,  that  no 
fanciful  conjectures  could  ever  lead  them  to  the  true 
caufes  of  thofe  various  phaenomena  that  inceffantly,  and 
every  where,  meet  the  obferver’s  eye  ; but  that  the  nar- 
row limits  of  the  human  underftanding,  confine  the 
courfe  o^our  refearches  to  one  Jingle  path — -'namely,  that  of 
experiment,  or  the  ufe  of  our  fenfes.  Yet,  in  this  fhort 
period,  natural  philofophy  hath  rifen  to  an  high  pitch  of 
improvement,  and  may  with  truth  be  faid  to  have  made 
much  greater  advances  towards  perfeftion  fince  the  expe- 
rimental method  was  introduced,  than  in  the  manv  aces 
before. 
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Becaufe  many  bodies  are  reducible  to  water,  this  ele- 
ment has  been  thought,  by  many  able  philofophers,  to 
be  the  primary  origin  of  all  matter  ; and  that  bodies  differ 
only  as  they  contain  more  or  \tk  particles,  or  pores  differ- 
ently difpofed.  We  find,  indeed,  the  decompofition  of 
bodies  finite,  being  unable  to  carry  it  beyond  a certain 
limit ; if  we  attempt  to  go  further,  we  are  always  llopt 
by  fubftances  in  which  we  can  produce  no  change,  which 
are  incapable  of  being  refolved  into  others,  and  which 
ifand  as  fo  many  firm  barriers  obftrudling  our  progrefs. 
To  thefe  fubftances  we  affix  therefore,  more  properly,  the 
name  of  principles,  or  firft  elements,  and  they  are  earth, 
air,  fire,  and  water. 

(C?“  Mr.  Cavcndifti  has  lately  difeovered  a method 
of  generating  water  by  inflaming  a mixture  of  common 
and  inflammable  air  in  a clofe  veffel. 

The  properties  that  are  common  to  all  thefe  elements, 
are  : ift,  Dlvifibility,  i.  e.  the  particles  of  each  element 

are  fo  fmall,  that  they  cfcape  the  ferutiny  of  our  beft 
glaffes.  A candle  will  fill  a fphe-re  of  four  miles  in  dia- 
meter with  particles  of  light  in  a fecond  of  time.  Two 
' ounces  of  affa-foetida,  nicely  weighed,  may  lie  expofed  to 
the  air,  and  have  its  particles  carried  off  by  it  for  a fort- 
night together,  and  yet  it  will  not  lofe  the  thoufand  part 
of  a grain  of  its  original  weight.  Eight  grains  of  gold 
will  cover  a wire  completely  13,000  yards  in  length.  A 
grain  of  copper  difTolvcd  in  a jill  of  aqua  fortis,  will  cover 
as  much  poliflred  iron  with  a fine  fkin  of  copper  as  the 
aqua  fortis  will  wet : Nay,  Lewenhock  difeovered  with 

his  mierofeope  more  living  animalculas  in  the  milt  of 
one  cod-fifti,  than  there  are  men,  women,  and  children, 
on  the  whole  earth. 

adly,  The  matter  of  which  thefe  elements  arefbrmed  is 
impenetrably  hard.  If  we  pound  the  moft  brittle  fub- 
ftance  to  the  moft  impalpable  powder  its  original  particles 
ftill  remain  unhurt.  If  water  has  no  bed  of  air  to  fall 
upon,  it  will  fall  upon  the  glafs  in  which  it  is  inclofed 
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like  a piece  of  iron  and  make  a loud  click  ; a column  of 
air  falling  on  a plate  of  an  air-pump  will  give  a report  as 
loud  as  a gun  : Nay,  elementary  fire,  fubtil  as  it  is, 

ftrikes  the  bones,  in  the  eledlric  lliock,  like  a folid  body  ; 
and  lightning  penetrates  the  hardeft  fubftances. 

3dly,  Matter  is  zi/frt,  1.  e.  can  neither  move,  nor  flop, 
of  itfelf.  A ball  on  the  wdiirling-table,  neither  begins  to 
move  when  the  table  moves,  nor  flops  when  the  motion 
of  the  table  is  flopped.  Give  a fudden  pufh  to  a bowl  of 
water,  and  the  fluid  will  fly  over  the  bowl  in  a contrary 
diredtion  ; but  if  you  turn  fwiftly  round  with  the  bowl  in 
your  hand,  and  flop  fuddenly,  the  water  will  fly  over  tlie 
bowl  the  way  it  was  going.  The  inertia  increafes  as  the 
quantity  of  matter.  A man  lying  with  a large  anvil  on 
hisbreall,  will  not  be  hurt  when  a blackfmith  ftrikes  upon 
it  with  a large  hammer,  with  all  his  ftrength  ; but  if  he 
had  an  anvil  only  a pound  weight  upon  his  breaft,  the 
firft  ftroke  of  the  blackfmith  would  kill  him.  I'he  vis 
inertia  of  the  large  anvil  makes  its  reftftance  equal  to  the 
ftroke  of  the  hammer,  fo  that  the  anvil  may  be  fald  to 
flrike  the  hammer  as  forcibly,  as  the  hammer  ftrikes  it  ; 
and  hence  the  difficulty  of  putting  large  bodies  in  motion. 
Thefe  are  but  fmall  inftances  of  thofe  three  laws  of 
nature  which  Sir  Ifaac^Newton  found  univerfal,  viz. 
‘I hat  matter  is  perfectly  indifferent  to  either  rrji  or  motion. 
adly,  ‘That  bodies  move  in  proportion  to  the  jorce  that  a^ls 
on  them.  And  3dly,  That  aiiion  and  re-a£iion  are  equal., 
and  contrary. 

4thly,  Matter  attraEis,  and  is  attraEled ; i.  c.  All  parts 
of  matter  have  a tendency  toward  each  other.  A 
plumb  line  on  the  fide  of  a mountain  is  drawn  out  of  its 
perpendicular  by  the  attraftion  of  the  mountain.  Two 
cork  balls,  fwimming  on  water,  run  together  with  an 
accelerated  motion,  and  flick  together.  Water  rifes  above 
its  level  againft  the  fide  of  the  bowl  which  holds  it ; and 
alfo  in  capillary  or  fmall  tubes  : And  hence  the  reafoii 

why  water  rifes  in  fponge,  fand,  between  glafs  planes,  &c. 
for  all  thefe  may  be  conceived  as  made  up  of  capillary 
tubes.  Two  planes  of  lead,  marble,  glafs,  iron,  &c. 
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thruft  clofe  together,  ftick  fo,  tliat  exccflive  force  alone 
can  feparate  them.  ’Tis  this  altraHion  of  cohejion  that 
makes  all  bodies  cohere,  or  maintain  any  diftindl  form  ; 
and  as  fome  parts  of  matter  attrafl  more  forcibly  than 
others,  iron  becomes  heavier,  and  more  compaft,  than 
wood ; gold  and  platina  have  more  particles  in  lefs 
room  than  any  other  metal  ; lead  is  different  from  ftone, 
becaufe  its  particles  attradl  one  another  more  forcibly  ; 
fo  that  all  that  variety  which  we  fee  in  both  mineral, 
animal,  and  vegetable  fubftances,  arifes  from  the  different 
combinations  of  the  four  elements,  the  different  degree  of 
attradfion  in  the  particles  of  each,  and  in  the  different 
difpofition  of  the  pores,  or  interflices,  that  are  between  the 
particles  of  which  they  are  compofed.  For  the  particles 
of  the  heavieh  and  lightefl  bpdies  are  all  of  the  fame 
weight,  as  may  be  proved  by  dropping  a piece  of  gold, 
and  a feather,  down  a tall  glafs  that  has  no  air  in  it  to 
refill;  their  paffage.  Fire  can  dellroy  this  cohefive  quality  in 
bodies,  for  a time,  but  makes  no  alteration  in  the  original 
particles  of  bodies.  It  will  infinuate  itfelf  into  gold,  and  fe- 
parate its  particles,  fo  as  to  make  it  into  a fluid.  Water  and 
air  are  kept  in  a ftate  of  fluidity  by  heat.  Fire  increafes 
(perhaps  caufes)  the  repulfive  qualities  of  all  bodies.  Me- 
tals fwell  with  a fmall  degree  of  heat,  as  may  be  proved 
by  the  pyrometer.  All  nature  is  kept  in  motion  by  it ; 
even  blocks  and  ftones  fwell  by  the  heat  of  the  day,  and 
contradl  by  the  cold  of  the  night.  It  gives  water  fo  repul- 
five  a quality,  that  it  flies  offin  fleam.  Air  is  fo  fwelledbyit, 
that,  to  keep  up  its  equilibrium,  it  is  perpetually  agitated 
by  winds  and  florms.  Fire  is  the  only  ejjcntiaf fuid,  and 
the  caufe  of  fluidity  in  other  bodies,  by  feparating  their 
parts.  However,  there  feems  to  be  a repulfive  quality- 
common  through  nature,  independently  of  fire.  ’T.  is 
faid,  “ where  the  fphere  of  attra61ion  ends,  repulfion 
begins.”  The  north  pole  of  a m.agnet,  at  one-tenth  of 
an  inch  from  a fufpended  needle,  attradls  it;  but  at  five- 
tenths  from  it,  it  repels  it.  A glafs  tube  rubbed  with  a_ 
dry  hand,  will  alternately  attradl  and  repeal  feathers,  leaf 
gold,  and  other  light  bodies.  A fmall  needle  will  lie  on 
the  furface  of  water  by  its  repulfion ; flies  run  over  it 
without  wetting  their  feet,  and  a drop  of  oil  will  be  luf- 
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tained  by  its  repulfion  ; without  ever  touching  the  furfacc 
of  the  water.  The  rays  of  Tight  are  faid  to  be  repelled 
from  the  furface  of  a looking-glafs,  &c.  however  I doubt 
the  univerfality  of  this  principle. 

5thly,  EleBive  attraBion,  or  the  tendency  which  one 
part  of  matter  has  to  unite  witli  fome  other  particular 
part  in  preference  to  every  other  part  of  matter,  forms  the 
grand  bafis  of  Chemiftry. — Thus,  water  rufhes  into  union 

with  fpirit,  but  not  with  oil. Acids  have  the  ftrongeft 

affinity  to  phlogilfon  and  alkali. Air  attraeSfs  water  with 

greater  avidity  than  fait,  fo  that  frefh  Avater  is  abforbed  by 
it  from  the  furface  of  a fait  fea,  &c.  Of  the  eledtive  kind 
of  attradfion  alfo  is  that  of  magnetifm,  becaufe  it  only 
attradfs  iron,  fteel,  and  itfelf;  fome  hold  magnetifm  and 
eledfricity  as  relations,  becaufe  fteel  ftruck  by  lightning,  or 
aftrong  ftiock  of  eledfricity,  acquires  polarity  and  magnetic 
attradlion.  One  Magnus,  a fhepherd,  flrft  difeovered  this 
wonderful  ftone  from  its  flicking  to  the  iron  in  his  fandals, 
and  from  him  it  had  its  name : Its  attradlion  is  at  twn 
oppoftte  points,  called  its  poles,  and  if  the  ftone  was  broke 
into  a thoufand  pieces,  each  piece  would  have  its  attradl- 
ing  poles : This  attradlion  is  ftrongeft  in  contadl,  and 
diminifhes  by  a proportion  not  yet  found  out ; but  that 
point  of  a ftone  which  attradls  one  end  of  a touched  needle 
will  repel  the  other.  Flavius  Gio,  of  Naples,  about  350 
years  ago,  firft  difeovered  that  a piece  of  fteel  rubbed 
on  it,  and  then  fufpended,  had  the  property  of  pointing 
north  and  fouth,  and  thence  applied  it  to  navigation. 
An  hundred  years  after,  it  was  found  by  Sebaftion  Cabot 
to  have  varied  above  1 1 degrees  eaft.  It  continued  to 
vary  towards  the  eaft  at  the  rate  of  about  one  degree  in 
feven  years,  till  the  needle  formed  an  angle  with  the 
meridian  of  30  degrees.  It  then  returned  towards  the 
weft  at  the  fame  rate,  fo  that  about  the  year  1600 
the  line  of  no  variation  pafled  over  England,  the  needle 
pointing  then  dire6lly  north  and  louth.  Since  that  time 
it  has  continued  varying  towards  the  weft,  and  with  us  at 
this  time  the  needle  is  22  degrees  48  minutes  weft.  It 
is  probable  it  will  continue  to  vary  weftward  till  it  makes 
an  angle  with  the  meridian  of  30  degrees,  (as  it  did  at 
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its  eaftcrn  extremity)  and  then  return  weftward,  finifliing 
its  revolution  in  between  900  aud  iocx>  years.  A line  of 
no  variation  atprefent  paffes  fouthward  near  Madagafcar, 
doubles  the  Cape  of  Good  Hope,  dopes  acrofs  the  At- 
lantic, touching  Brazil,  and  Terpentine  paffes  through 
Canada,  over  the  Weftern  Lakes,  and  terminates  at  the 
north  magnetical  pole,  fituated  about  30°  from  that  of 
the  earth,  in  the  meridian  of  California.  From  thence 
the  line  of  no  variation  proceeds  over  the  earth’s  north  pole, 
inclining  eafterly  over  Siberia,  Tartary,  China,  the  La- 
drone  Ides,  and  New  Holland,  and  then  arrives  at  the 
fouth  magnetic  pole,  fituated  to  the  fouth-ead:  of  Van 
Deiman’s  Land,  about  lat.  56°  fouth,  and  180°  weft  long, 
from  London.  Thefe  lines,  as  well  as  poles,  move  weft- 
ward  at  prefent ; and  Captain  Cook  in  his  laft  voyage, 
came  fo  near  the  fouth  magnetic  pole,  that  his  compafs 
needle  turned  half  round  in  24  hours  failing — and  the 
dipping  needle  ftood  almoft  perpendicular.  If  a piece  of 
fteel  of  fpring  temper  be  balanced  on  a point  horizonally, 
fo  foon  as.  it  has  received  magnetic  virtue,  it  dips  or  in- 
clines, fo  as  to  point  in  a chord  to  the  north  or  fouth 
magnetic  pole  of  the  earth  : But  if  equidiftant  from  both, 
it  continues  horizontal,  like  a balanced  bar  moved  from 
one  end  to  the  other  of  a long  artificial  magnet. 

The  theory  of  making  artificial  magnets  is  derived  from 
an  effluvium  fuppofed  to  fiow  from  one  pole  of  the 
magnet  to  the  other, — the  exiftence  of  which  is  made 
very  probable,  by  fteel  filings  fcattered  over  a plate  of 
window  glafs,  with  a bar  magnet  under  it,  wherr  the 
effluvium  in  its  paffage  from  one  pole  to  the  other 
infiuences  the  filings  into  many  parallel  and  beautiful 
curves.  Two  pieces  of  fteel,  fpt'lng  temper,  made  in 
fhape  of  horfe-flioes,  and  their  ends  put  together  ; if 
then  two  bar  magnets  juft  feparated,  and  of  oppofite  poles, 
or  an  horfe-Jhoc  or  natural  magnet  be  rubbed  over  them 
all  the  fame  way,  polarity  and  attrabiion  will  be  com- 
municated to  the  fteel ; but  if  the  two  pieces  be  put  toge- 
ther, fo  that  the  two  repelling  ends  are  together,  they 
attra£f  ftronglv  : And  hence  feveral  bars  thus  united 
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form  a very  ftrong  magnet. — If  a piece  of  iron,  as  a conduce 
tor^  be  put  between  the  two  poles,  the  magnet  will  long 
retain  its  virtue,  particularly  if  it  hangs  loofe  fo  as  it  can 
turn  north  and  fouth. — Lay  four  fmall  bars  of  Heel  touch- 
ing one  another  in  a line,  lengthwife  ; Hide  one  pole  of  a 
magnet  from  the  right  hand  to  the  left  over  them  feveral 
times,  and  they  will  be  good  magnets : But  if  then  you 
Hide  the  fame  pole  over  them  from  the  left  hand  to  the 
right,  the  magnetic  virtue  will  be  entirely  taken  from 
them.  Fire  and  ruft  dellroy  the  power  of  thefe  magnets, 
and  time  will  vreaken  them,  if  a condudlor  of  iron  or 
Heel  do  not  form  a magnetic  circuit  for  the  effluvium  to 
pafs  through.  To  recal  the  decreafed  virtue  of  a mag- 
net, hang  a largeyaW-^<*_g- to  the  iron  adhering  to  it,  and 
keep  every  day  increafing  the  fand. — To  give  the  virtue 
to  a knife^  draw  it  over  either  pole  from  hilt  to  point  fe- 
veral times. 

By  fire,  is  underftood  a complex  idea  of  fomething  red^ 
Jh'mingy  that  excites  the  fenfation  of  heat,  and  rarefies  or 
expands  all  known  bodies.  It  is  the  moft  powerful  agent 
in  the  decompofition  of  bodies.  It  is  the  only  efJentiaL 
fluid  in  nature,  and  the  caufe  of  fluidity  in  other  bodies, 
by  feparating  their  parts  ; hence,  even  air  itfelf  may  be- 
come folid  when  deprived  of  the  fije  it  contains,  as  bodies 
of  the  moft  difficult  fufion  become  fluid  when  penetrated 
by.  a fufficient  quantity  of  the  particles  of  fire.  All 
bodies  become  hot  by  the  approach  of  ignited  bodies, 
and  by  friftion  ; but  bodies  that  contain  a fufficient- 
quantity  of  phlogifton,  only,  are  capable  of  inflamma- 
tion. Phlogifton  is  not  fire,  but  one  of  the  principles  of 
inflammability ; i.  e.  when  it  is  combined  with  various 
fubftances  in  due  proportion,  it  renders  them  inflamma- 
ble with  air  Phlogifton  may  be  feparated  from  one  body, 
and  given  to  another  ; hence  an  inflammable  body  may 
be  deprived  of  its  inflammability,  and  a body  naturally 
not  inflammable,  may  be  rendered  fo  by  combining  it 
with  a fufficient  quantity  of  phlogifton.  When  expel- 
led from  bodies  it  is  not  annihilated — it  .only  efcapes  ' 
from  the  burning  body  into  air,  which  gives  proof  of 
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its  having  acquired  it,  and  is  then  faid  to  be  fhlagifii- 
cated ; and  hence  no  inflammation  will  take  place  but 
in  the  common  air.  Combuftion  ceafcs  when  the  air 
Surrounding  the  burning  body  is  filled  with  phlogifton— 
hence  a fire  is  put  out  by  blowing  phlogifticated  air  into  it 

but  enlivened  by  a current  of  frefh  air.  All  bodies 

contain  more  or  lefs  of  this  wonderful  principle 

for  all  bodies  grow  hot  by  violent  fridfion  ; friction 
may  be  therefore  faid  to  be  a kind  of  fire-pump,  that 
draws  latent  fire  from  the  adjoining  bodies  to  the  place 
where  the  fridtion  is-  going  on,  and  ftrongly  indicates 
that  phlogifton  may  lie  in  a concrete  form  in,  and  be 
a conftituent  part  of  all  bodies ; nay,  Birgman  fays, 
lOO  ounces  of  charcoal  contains'99  ounces  of  phlogifton, 
and  but  one  of  earth  ; metals  deprived  of  their  phlo- 
gifton are  heavier  as  a calcs  than  as  a metal ; inflam- 
mable air  is  eight  or  ten  times  lighter  than  common 
air,  &c.  So  little  do  we  know  of  fire,  that  any  attempt 
at  a theory  of  it  niuft  appear  prefumpfuous  and  prema- 
ture ; we  find  however  that  light,  heat  and  elcdlnc  fluids 
have  fo  many  qualities  in  common  with  phlogifton,  that 
hereafter  it  may  probably  be  found  they  are  all  but  mo- 
difications of  the  fame  principle.  Rubbing,  or  fridlion,' 
in  all  bodies  produce  heat  and  eleflricity,  and  both  thefe 
dilate  bodies,  help  vegetation,  germination,  evapora- 
tion, motion  of  the  blood,  the  growth  of  the  fetus,  and 
the  hatching  of  eggs.  Heat  and  eledlrieity  both  reduce, 
and  melt  metals  ; and  bodies  that  receive  heat  with  dif- 
ficulty receive  eleciricity  fo,  &c.  May  not  the  rays  of 
the  fun  be  diluted  phlogifton  ? May  not  the  velocity  with 
which  they  proceed  from  the  fun  prevent  their  abforption 
bv  the  air,  in  their  pafl'age  through  it  ? And  as  all  bodies 
liave  more  or  lefs  ^affinity  to  phlogifton,  may  not  this 
diluted  phlogifton  be  abforbed  by  various  bodies,  and  lie 
in  a concrete  form  in  them  till  called  forth  from  them 
by  fridlion  or  combuftion  ? Experiments  that  favour 
tliis  hvpothefis  are,  ift.  Rays  colledled  in  the  focus  of  a 
burning  glafs,  produce  on  opaque  bodies  the  moft  intenfe 
heat  that  is  producible  by  the  art  of  man.  2d.  Living 
vegetables  imbibe  phlogifton  (as  nutrition)  from  the  air, 


I 


3 


n ' 


I i 
! • 


[ >T  ] 

and  part  with  It  back  again  into  the  air  in  the  aiSt  of  com- 
buftion,  boiUng,  or  putrefadion  ; (for  rotten  wood,  pu- 
trid fifh,  ignis  fatui ; indeed,  all  animal  and  vegetable 
fnbftances  are  luminous  while  decompounding  by  putre- 
fodion) which  is  but  parting  with  the  injiammable prin- 

ciple that  was  a conftituent  part  of  thefe  bodies  while  in 
health.  3d.  Bodies  in  the  ad  of  delivering  phlogiflon  to 
tlie  air,  or  any  other  affinitive  menftruum  are  univerfally 

hot ; hence  the  heat  of  a common  tire,  where  phlogiflon 

is  transferring  from  the  coals  to  the  air  ; inflamed  gun- 
powder, See. The  heat  of  effervefeent  mixtures,  fuch  as 

diluted  vitriolic  acid,  and  iron  tilings  : Copper  and  di- 
luted nitrous  acid : Iron  filings,  water,  and  fulphur : 

Air  carrying  off  phlogiflon  from  the  lungs  in  the  ad  of 
refpiration,  and  thereby  producing  animal  heat : Pyrites 
and  water  producing  the  heat  ot  the  Bath  waters,  See, 
which  is  but  the  water  feizing  the  vitriolic  acid,  and 
thereby  expelling  the  phlogiflon  of  the  acid  into  the  air, 
for  a mixture  of  vitriolic  acid  and  water  always  produce 
an  intenfe  heat :- — The  produdion  of  fire  by  the  efcape 
of  phlogiflon  from  phofphorus,  pyrophorus,  he.  when 
expofed  to  the  air  is  another  inflance  : — and  the  aflonifh- 
ing  flame  arifing  from  oil  of  turpentine  when  a mixture  of 
vitriolic  and  nitrous  acid  is  poured  upon  it,  alarms,  while 
it  proves,  that  air  is  the  natural  menflruum  of  phlogiflon, 
and  that  inflammation  will  not  take  place  except  in 
common  air.  4th.  A fire-brand  expofed  in  dephlogifli- 
cated  air  blazes  out  with  a vivid  flame,  while  the  air 
feizes  its  phlogiflon.  5th.  Metals  calcine  but  partially 
in  fmall  quantities  of  confined  air,  that  air  is  fo  foon 

faturated  with  phlogiflon  ; a current  of  air  mufl  pafs 

over  melting  metals  or  they  will  not  calcine  : Air  fo 

expofed  becomes  phlogiflicated  and  diminifhed.  6th. 
Metals  reduced  to  a calcs  by  calcination,  or  by  a folution 
in  acids,  part  with  their  phlogiflon  during  the  procefs  ; 
and  a calcs  expofed  in  inflammable  air,  and  heated  by  the 
focus  of  a burning  lens,  imbibes  or  fwallows  up  the  in- 
flammable air,  and  revives  into  a perfed  metal! This 

extraordinary  fad  fhews,  that  metals  mav  as  it  were  be 

taken  in  pieces  and  put  together  again for  if  the  phlo- 
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gifton  that  flies  ofF  from  a calcining  metal  could  be  pre» 
ferved,  and  the  calcs  of  that  metal  be  heated  in  it,  the 
calcs  would  feize  the  phlogifton  it  had  loft,  and  become 
the  very  fame  metal  it  was  before  the  procefs.  Hence 
we  have  reafon  to  believe  that  inflammable  air  is  the  true 
elementary  fhlogtjlon^  and  that  it  is  this  gas  in  ,a  concrete 
ftate  in  coals,"  candles,  wood,  metals,  &c.  that  makes 
them  inflammable.  Phlogifton  in  an  adlive  ftate  produces 

heat approaching  to  a latent  ftate,  cold.  Hence  the 

evaporation  of  volatile  fpirits ; the  mixture  of  fait  and  . 
fnow — and  fnow  and  fpirit  of  nitre,  ferve  to  concentrate 
or  deaden  the  adlion  of  phlogifton, — and  by  thefe  mix- 
tures in  cold  weather  and  cold  climates,  quickfilvcr  has 
been  frozen  into  a folid  metah 
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mechanics. 


attraEiton  of  gravitation  is  the  weight  of  bodies, 
or  that  tendency  which  matter  has  towards  the 
centre  : By  this  power  the  earth  is  formed  into  a denfe 
ball,  and  every  thing  that  lives  upon  it  held  faft  to 
its  furface.  A body  left  to  the  power  of  this  agent  falls 
about  a rood  in  the  firft  fecond  of  time  ; three  roods  in 
the  fecond  fecond  ; five  in  the  third  ; feveri  in  the  fourth, 
&c.  agreeable  to  the  odd  numbers,  i,  3,  5,  7,  9,  ii,  13, 
&c.  For  the  vis  inertia  of  the  falling  body,  added  to  the 
power  of  gravity  in  every  fucceeding  fecond,  accelerates  it, 
as  the  fquares  of  the  times.  Thus, — at  the  end  of  the 

4th  fecond  the  body  has  fallen  about  16  roods, at  the 

end  of  the  6th  fecond  it  has  defeended  36  roods,  &c. 
This  is  proved  by  a proje61ed  ball  falling  from  an  horizon- 
tal line  one  inch  in  the  fame  time  in  which  in  falls  3,  5,  7, 
&c.  inches  in  the  fucceeding  times  ; and  by  the  fufpenfion 
of  unequal  weights  over  a pulley.  Hence  we  find  this 
power  of  gravity  decreafes  as  the  fquares  of  the  diftanecs 
increafe,  (i.  e.  a ball,  which  weighs  9 lb.  on  the  earth’s 
furface,  would  weigh  only  i lb.  at  three  femi-diameters 
of  the  earth  above  it.)  For  it  is  found  that  the  moon 
falls  from  a tangent  to  her  orbit  in  this  proportion ; 
fhewing  that  Ihe  is  adluated  by  the  fame  law  that  makes 
a pebble  deferibe  a curve  when  it  is  thrown  from  a fling. 
For  that  pebble,  if  it  was  projefled  with  proper  force, 
and  had  a vacuum  to  move  through,  as  the  moon  has, 
would  go  round  the  earth  for  ever  as  Ihe  does. 

Motion  is  reEIillneal;  1.  e.  all  bodies  put  in  motion  by 
cne  force,  endeavour  to  go  off  in  a ftraight  line.  Hence, 
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jf  a coach  in  fwlft  motion  be  turned  fuddenly,  it  dverfets 
by  endeavouring  to  go  ofF  ftraight : But  if  a body  ht  im- 
prefled  by  izvo  forces,  in  oblique  diredfions,  it  will  obey 
neither,  but  go  the  diagonal  of  the  fquare.  Hence  a 
ball  dropt  from  the  malt  head  of  a Ihip,  under  fwift  fail, 
falls  on  the  deck  as  if  the  Blip  was  at  anchor : And  a ball 
Ihot  horizontally  from  a tall  towpr,  obeys  neither  the 
powder  nor  its  own  weight,  but  comes  to  the  ground 
in  a curve  formed  of  the  two.  We  fhall  in  due  time  fee 
that  the  planets  move  by  this  wonderful  law. 

IThe  momentum  of  a falling  body  is  as  the  fquare  root  of 
its  height.  Ex,  Hang  a pound  weight  on  one  end  of  a 
fcale-beam,  and  if  at  the  other  end  you  let  fall  a certain 
weight  from  the  height  of  one  foot,  it  will  juft  lift,  or 
cant  the  pound  up : But  if  you  let  the  fame  weight  fall 
four  feet,  on  one  end  of  the  fcale-beam,  it  will  cant  up 
two  pounds  weight  hung  at  the  other.  If  it  falls  nine 
feet,  it  will  lift  up  three  pounds  weight  at  the  other,  &c. 

Fluids  fpout  by  the  fame  law.  A pipe  of  the  fame 
bore  as  another,  but  four  times  as  far  below  the  furface 
of  the  water  in  a ciftern,  difeharges  twice  as  much  as  the 
upper  one  ; if  it  be  ftxteen  times  as  far  beneath  the  fur- 
face,  it  will  difeharge  four  times  as  much  as  the  upper 
one,  &c.  For  the  velocity  with  which  a fluid  fpouts, 
at  any  depth  below  the  furface,  is  equal  to  that  which  a 
body  let  fall  that  height  would  aquire. 

The  momentum,  or  force,  of  a body,  arifes  from  its 
quantity  of  matter  being  multiplied  into  the  velocity  with 
which  it  moves;  Thus,  if  a battering  ram  be  looolb. 
weight,  and  the  velocity  with  which  it  ftrikes  a wall  be  20, 
then  is  its  momentum  20,000  : But  a cannon  ball  fliall  do 
the  fame  execution,  if  its  quantity  of  matter  be  no  more 
than  lolb.  provided  it  be  thrown  with  a velocity  equal 
to  2000,  for  10  X 2000  = 20,000,  fo  that  the  momentum 
of  both  are  equal.  This  may  eafily  be  proved,  by  laying 
2 lb.  weight  upon  a fpring ; if  it  throws  it  one  yard,  it 
will  throw  lib.  two  yards;  and  81b.  will  be  counter- 
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]>olfed  by  4lb.  if  it  be  hung  on  a balance  at  twice  tlie 
diftance  from  the  fulcrum.  Hence  the  force,  or  power, 
of  any  machine,  whether  fimple  or  compound,  is  eafily 
computed  ; for  when  two  bodies  are  fufpended  upon  any 
machine,  fo  as  to  aft  agairift  one  another,  if  the  perpen- 
dicular afcent  of  one  body,  be  to  the  perpendicular  defcent 
of  the  other  in  the  inverfe  ratio  of  their  weights,  they  will 
balance  one  another ; and  therefore  fo  much  quicker  as 
the  power  moves  than  the  weight,  fo  much  is  the  advan- 
tage gained  by  the  machine,  and  gives  this  mechanical 
anxiom,  “ That  what  is  gained  in  power,  by  any  ma- 
chine, is  loft  in  time  of  working  it.  Sir  Ifaac  New~ 
tons. 

All  kinds  of  mechanical  engines  confift,  more  or  lefs, 
of  thefe  Jlx  powers.  Viz.  the  lever,  the  wheel  and  axle, 
the  fyjlem  of  pulleys,  the  inclined  plane,  the  wedge,  and  the 
fcrew. 

The  lever  is  a bar  of  wood,  or  metal,  turning  upon 
a prop,  or  centfe,  (commonly  called  the  fulcrum)  and  is 
ufed  either  to  raife  weights  or  overcome  refiftances. 
There  are  three  kinds  of  levers,  and  in  each  of  them,  the 
velocity  of  each  point  is  direftly  as  its  diftance  from  the 
prop.  When  this  prop  is  between  the  weight  and  the 
power,  ’tis  called  a lever  of  the  firf  kind:  and  fo  much 
as  the  power  is  further  from  the  prop  than  the  weight, 
(or  its  center  of  gravity)  fo  much  is  the  advantage  gained 
by  the  power  over  the  weight.  Iron  crows,  fcijfars,  pincers, 
rudders  of flips,  isic.  are  levers  of  the  firf  kind.  A lever  of  the 
fecond  kind,  is  when  the  weight,  or  rejiflance,  is  between  the 
prop  and  the  power,  as  in  doors  turning  on  hinges,  knives 
that  turn  on  a centre  at  the  point ; oars,  fs’e.  A lever  of  the 
third  kind,  is  when  the  power  is  applied  between  the 
weight  and  the  prop,  ns  in  rearing  a ladder  againft  a 
wall ; moving  our  legs  and  arms  by  the  power  of  the 
mufcles,  &c.  The  bended  lever  differs  in  nothing  from 
one  of  the  firf  kind,  but  in  form,  it  is  like  a hammer 
drawing  a nail.  In  each  of  thefe  levers,  fo  much  as  the 
power  moves  farther,  or  ffiorter  than  the  weight,  fo  is 


[ } 

the  advantage,  or  difadvantage,  of  each.  The  powcf 
of  a compound  lever  is  fouixl  by  multiplying  the  power  of 
each  into  one  another. 

In  the  wheel  and  axle,  the  adv;inrage  of  the  wheel  over 
the  axle,  is  as  their  diameters,  i.  e.  if  the  wheel  be  four 
times  as  large  as  the  axle,  a man  may  lift  four  times  as 
much  by  it,  as  by  his  own  ftrength,  allowing  for  fridtioii. 
This  power  is  the  principal  part  of  a common  crane. 

Upper  pulleys  that  are  fixed,  only  ferve  to  change  the 
direilion  of  the  power,  and  give  no  mechanical  advan- 
• tage  thereto ; but  the  under  block  of  pulleys,  moving 
with  the  weight,  give  an  advantage  proportionate  to  the 
number  of  ropes  by  which  the  weight  is  fuftained  ; and 
which  may  be  eftimated  atfo  by  fo  much  as  the  power 
moves  fafter  than  the  weight.  A running  pulley  doubles 
whatever  advantage  was  gained  by  the  other  parts  of  a 
machine  before  it  was  applied,  always  allowing  for  fric- 
tion, which  in  pulleys  is  very  great. 

The  wedge  feparates  heavy,  or  cohering  bodies,  with 
a force  proportioned,  as  the  thicknejs  of  Its  back  is  to  the 
length  ; i.  e.  if  its  back  be  one  foot,  and  the  length  twelve 
feet ; then  may  the  momentum  of  the  ftroke  which  moves 
the  wedge  be  one  twelfth  only  of  the  weight,  or  cohering 
force,  of  the  parts  to  be  feparated. 

H 

The  inclined  plane  is  half  a wedge,  and  therefore  its  ' 
power  is,  as  its  length  is  to  its  height ; i.  e.  1 fhall  roll 
a cylinder  up  an  inclined  road  of  twenty  yards  in  length, 
and  but  one  yard  perpendicular  height,  \yith  one  twentieth 
part  of  the  force  that  would  be  neceflary  to  lift  it  perpen- 
dicularly that  yard. 

The  ferew  may  be  confidered  as  an  inclined  plane 
wrapt  round  a cylinder;  therefore  as  the  power  moves 
round  the  cylinder,  while  the  weight  rifes,  the  power  has 
an  advantage  over  the  weight,  as  the  length  of  one  thread 
round  the  cylinder,  is  to  the  diftance  ot  one  thread  from 
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another  ; or  as  the  velocity  of  the  power  is  to  the  velo- 
city of  the  weight. 

In  a common  jack  we  have. all  thefe  powers  together,  if 
to  an  arm  of  the  fly  the  power  be  applied  ; and  fo  far  as 
that  power  moves  farther  than  the^yreight,  fo  much  is 
the  advantage  which  the  power  haspyer  the  weight. 

If  ntachines  could  be  made  to  move  without  fr'tfllon, 
the  leafl:  degree  of  power  added  to  that  which  balances  the 
weight  would  be  fufiicient  to  raife  it:  But  as  the  fmooth- 
cfl;  bodies  are  full  of  pores,  and  little  eminences,  thefe  will 
lock  into  one  another  in  rubbing  bodies,  and  greatly  re- 
tard the  motion  of  a machine.  The  fri61ion  in  the  lever, 
and  in  the  wheel  and  axle,  is  very  fmall : In  pulleys  it  is 
very  confiderablc : But  in  the  inclined  plane,  the  wedge, 
and  the  [crew,  it  is  very  great.  The  allowance  made  for 
fridlion  in  machines  confifting  of  feveral  of  the  mechanic 
powers,  is  ufually  one  third ; i.  e.  after  calculating  all  the 
Angle  pow'ers  as  above,  and  multiplying  thefe  into  one 
another,  from  the  lafl:  produdl  I dedu6t  one  third  of  it, 
and  the  remainder  is  the  true  momentum  or  force  of  the 
machine.  Fridlion  is  of  two  kinds:  The  rubbing  fric- 
tion, and  the  fri6lion  by  contaSl ; the  rubbing  of  the  locked 
wheel  of  a coach  againfl:  the  road  may  reprefent  the  firji  ; 
and  the  manner  of  its  touching  the  road  in  its  ufual  mo- 
tion the  fecond.  When  the  firJl  kind  of  fri(51ion  can  be 
reduced  to  the  fecond,  there  is  a manifefl;  advantage/given 
fo  the  power  of  the  machine,  as  is  demonftrated  by  the 
experiments  with  the  fri£lion  wheels.  Thefe  wheels  are 
hung  fo  that  their  peripheries  form  an  angle,  in  which 
the  gudgeon  of  the  heavy  wheel  turns.  Water  wheels, 
large  grinding  Jiones,  and  even  wheel  carriages,  are  hung 
in  this  way  at  a fmall  expence  ; but  being  apt  to  wear 
out  very  fail,  they  are  better  fitted  to  fmall  weights  mov- 
ing  with  great  velocity.'  And  hence  the  friSion  balls 
in  wheel  carriages,  cranes,  &c.  become  foon  ufelefs.  A 
narrow  rubbing  furface  has  much  the  advantage  over  a 
broad  one,  though  they  each  fuftain  the  fame  weight, 
becaufe  of  fewer  points  and  pores  being  in  contadl ; 
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hence  the  fmaller  the  gudgeon  or  axle  of  a wheel  the 
better,  if  it  has  but  ftrength  to  fupport  the  weight. 
The  fridtion  in  water  that  carries  an  undcr-fhot  mill,  is 
much  taken  olF  by  a hoping  pedal ; the  velocity  of  the 
flat-boards  of  the  wheel  ought  to  be  one-third  of  the 
velocity  of  the  water;  the  number  of  flavcs  in  the  trun- 
dle ought  to  be  no  even  part  of  the  number  of  cogs  in 
the  wheel  that  turns  it ; and  the  grinding  ftone  fliould 
not  make  above  6o  revolutions  in  a minute. 

Befides  the  mechanic  powers,  and  various  inftruments 
to  explain  fri^ion,  momentum,  falling  bodies,  &c.  the 
machines  ufed  to  illuftrate  this  lefture  are,  ift.  A move- 
able  crane,  ad.  A mill  to  faw  marble.  3d.*  Ditto  to 
faw  timber.  4th.  A common  pile-driver.  5th.  Voulou’s 
pile-driver.  6th.  The  equitable  moving  wind-mill,  that 
deaths,  uncloaths,  and  turns  itfelf  to  the  wind.  7th. 
Drill-ploughs.  8th.  Ventilators.  9th.  Wheel  carriages. 
10.  Methods  ufed  in  moving  the  great  ftone  on  which 
the  ftatue  of  Peter  the  Great  is  ereded  in  Peterfburg. 
nth.  A compleat  fortification.  12th.  Boulton,  Blakey, 
Smeaton’s  and  the  common  fire  or  fteam  engines.  13th. 
Water  engines  of  all  denominations,  viz.  common 
pumps,  forcing  pumps,  rope  pumps,  Archimedes’s  ferew 
pump  ; bucket-engines,  machines  for  draining,  embank- 
ing, ^>cc.  &c.  &c.  Thefe,  and  many  more,  from  their  fize, 
cannot  be  removed  from  the  Winter  Ledure  Room, 
now  in  George  Street,  Hanover  Square. 
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LECTURE  III. 

-J^RINCIFLES  of  CHEMISTR2''. 


all  bodies  exlfling  on  the  earth  may  be  arranged 
under  three  heads,  viz.  the  animal^  vegetable,  and 
mineral  kingdoms.  The  firft  comprehends  all  bodies 
endowed  with  life  and  felf-motion.  The  fecond,  thofc 
which  have  life  only,  the  power  of  growing,  and  propa- 
gating their  fpecies.  The  third,  all  bodies  deftitute  of 
life  and  felf-motion.  Bodies  are  alfo  confidered  as  fmple 
or  compound. — Simple  bodies  are  fuch  as  cannot  be  re- 
folved  into  any  thing  more  fimple,  fuch  as  pure  earth, 
pure  water,  &c.  Compound  bodies  confift  of  two  or 
more  of  the  primary  elements,  fuch  as  an  animal  body, 
for  earthy  particles  and  various  fluids  form  its  compofi- 
tion.  That  branch  of  philofophy  which  examines  the 
properties  of  thefe  bodies,  by  compounding  or  decom- 
pounding them,  is  called  chemistry. — ,A  branch  fo 
extenfive  and  important,  that  the  fuftenance  of  life — 
the  arts  and  fciences — various  manufaiSlories — nay,  even 
trade  and  commerce  depend  upon  a continual  compojition 
and  dccompofition  of  natural  bodies. 

SOLUTION  is  a property  of fluids,  whereby  they  im- 
bibe (or  incorporate  thcmfelv'es  with)  Jolids,  by  feparating 
their  parts. — The  fea  is  a folution  of  fait  in  frefli  water. 
Inkisa  folution  of  vitriol  and  galls  in  water.  Diluted  nitrous 
acid  dilTtlves  copper;  when  the  ebullition  is  over,  the 
liquor  will  be  a folution  of  copper.  Diluted  vitriolic  acid 
in  like  manner  gives  a folution  of  iron.  Quickfilver  dif- 
folves  lead,  tin,  &c.  Gold  diflblved  in  aqua  regia  is  a 
folution  of  gold,  &c.  and  camphor  in  like  manner  is  dif- 
folvcd  in  fpirit  of  wine,  &c.— Solutions  in  water,  fpirits, 
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acids,  air,  &c.  are  tranfparcnt — but  mixtures  are  muddy 
or  opaque. 

DISTILLATION  is  the  application  of  heat  to  fe- 
parate  fluid  and  volatile  parts  from  bodies;  and  to  colledl 
them  in  other  vefTels  by  means  of  cold.  Heat  expands 
all  bodies,  and  puts  their  particles  into  a repulfive  ftate  ; 
when  this  application  becomes  more  powerfjal  than  the 
coheflon  of  the  body,  a decompofition  takes  place.  Sea- 
water put  in  a retort,  and  expofed  to  the  fire,  the, water 
foon  rifes  in  the  charafter  of  fleam — this  fleam-'paflihg 
through  a cold  pipe  is  condenfed,  and  brought  Tack 
again  into  water,  but  frelh,  and  the  fiilts  being  lefs  vola- 
tile, remain  at  the  bottom  of  the  retort.  Liquors  that 
have  gone  through  a flate  of  vinous  fermentation,  are 
difpofed  to  part  with  fpirit — and  fpirit  rifing  in  fleam 
with  lefs  degree  of  heat  than  water,  a feparation  of  the 
two  is  eafily  efFedled  in  a flill,  by  tempering  the  fire, — 
hence  the  fleam  of  the  fpirit  pafTing  through  a long  fpiral 
pipe  (immerfed  in  cold  water)  is  condenfed  : — when  the 
fpirit  is  all  come  over,  the  water  begins  to  rife  in  fleam, 
and  may  be  received  in  a feparate^veflTel — the  earthy  and 
colouring  particles  of  the  wine  will  at  lafl  be  found  dry 
at  the  bottom  of  the  flill. 

SUBLIMATION  is  but  a diflillation  of  dry  fub- 
flances.  Sulphur  expofed  in  a fubliming  veflTel,  is  melted 
with  a very  gentle  heat,  anfl  rifes  in  fleam,  forming 
flours  of  fulphur  on  the  fides  and  top  of  the  vefTel,  and 
is  but  the  fame  fulphur  that  was  melted.  Gum  benzoin 
melted  within  a tall  receiver,  with  a fprig  of  rofemary 
in  it,  rifes  and  forms  an  hoar-frofl  appearance  on  the 
leaves  of  the  rofemary. — PBofphorus  juft  covered  with 
water,  in  a Florence  flaflc  expofed  over  a lamp,,.lublimes 
into  the  appearance  of  ftars,  and  the  aurora  borealis. 
It  rifes  with  the  fleam  of  the  water,  and  flruggling  to 
obtain  the  air,  its  menftruum,  forms  beautiful  corufca- 
jtions  in  the  flaflc,  particularly  when  feparated  from  th? 
lamp,  and  expofed  in  the  d;u'k. 
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PRECIPITATION  is  performed  in  fmid  mat- 
ters only  — it  is  a difuniting  of  two  or  more  ingredients 
by  the  addition  of  another,  which  by  its  greater  :\ffinity, 
unites  with  one  of  the  ingredients,  and  feparates  the 
.others  from  it,  and  by  which  they  generally  fall  to  the 
bottom  of  the  liquor.  Copper  diffolved  in  diluted  nitrous 
acid,  is  precipitated  by  iron — much  of  the  diffolved  cop- 
per-becomes  revived  by  the  phlogifton  of  the  iron,  and 
forms  a fkin  of  copper,  on  the  iron  ; the  reff  falls  to  the 
bottom  of  the  liquor  precipitated,  &c.  he. 

SATURATION  fignifies  the  point  at  which  the 
^ttradfive  and  diffolving  power  of  any  menftruum  flops, 
when  filled  with  the  matter  it  is  to  diffolve. — Solutions 
of  fait  or  fugar  in  water  ; of  fulphur  in  oil  of  turpentine  ; 
camphor  in  fpirit  of  wine  ; filver  in  aqua  fortis  ; water  in 
air,  &c.  are  tranfparcnt  till  fully  faturated ; if  more  be 
added,  they  fink,  in  their  natural  form,  to.  the  bottom 
undiffolved,  and  the  menftruum  is  faid  to  be  fully  fatu- 
rated. If  water,  fpirits,  oil,  he.  be  evaporated  from  the 
matter  with  which  they  are  faturated,  the  matter  affumes 
its  natural  form  ; — common  fait  will  affume  a cubical 
form  ; falt-petre  the  form  of  a prifm,  he.  he.  adhering 
to  the  bottom  and  Tides  of  the  containing  veffels. 

AFFINITY.  This  term  is  of  great  extent  in 
chemiftry,  and  fignifies  the  tendency  zuhich  the  conjlkucnt 
parts  of  bodies  have  to  unite  readily  with  some  fubjianccs  in 
preference  to  others.  Water  and  vinegar  have  affinity, 
becaufe  they  are  eafily  mixed  together.  Water  and  oil 
have  no  affinity  becaufe  they  will  not  mix,  but  fliew  a 
kind  of  repulfion  to  one  another.  If  a mixture,  A and  B, 
have  a third  matter,  C,  added  to  them,  to  which  A has 
♦ a greater  attradlion  or  affinity  than  to  B,  then  will  A let 
go  B,  and  join  in  union  with  C,  and  B is  precipitated. 
Ex.  ill.  Solution  of  fuhlimate  mixt  with  oil  of  tartar, 
produces  an  orange  coagulum  ; an  acid  (as  the  fpirit  of 
nitre)  added,  feizes  the  oil  of  tartar,  (as  an  alkali,  to 
which  it  has  a flrong  affinitv)  the  colour  is  difeharged, 
f?nd  the  liquor  jiecomes  pelucid.  2nd.  A Solution  of  blue 
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vitriol  mixt  with  fpirit  of  fal-ammoniac,  produces  a bluc- 
coloured  alkaline  liquor.  The  nitrous  acid,  added,  feizes 
the  lal-ammoniac  as  an  alkali,  difcharges  the  colour,  and 
the  liquor  becomes  acid;  if  then  an  alkali  be  made  pre- 
dominant (as  oil  of  tartar)  the  fine  blue  is  again  reftored. 
3d.  Acid  folutions  are  detedled  by  fyrup  of  violets,  which 
turns  them  red:  but  the  fame  fyrup  turns  an  alkaline 
folution  green.  Hence  red  or  blue  flowers  flceped  in 
acid  water,  impart  their  colouring  particles  to  the  water, 
which  becomes  red:  oil  of  tartar  added,  turns  it  green. 
4th.  Salts  inftantaneoufly  chryftalize  when  fpirit  ot  wine 
is  added  to  their  folution  in  water,— becaufe  fpirit  and 
water  have  a greater  affinity  to  one  another  than  fait  and 
water.  3th.  Inflammable  air  is  not  inflammable  of  itfelf, 
any  more  than  fixt  air  is  effervefeent ; but  it  is  a confti- 
tuent  part  of  a compound,  which  being  let  loofe,  caufes 
,by  its  mixture  with  the  empyreal  part  of  the  atmofphere 
the  phenomenon  of  inflammation.  Hence  phofphorus 
(as  a mine  of  phlogillon)  when  rubbed  between  the  folds 
of  brown  paper  to  increafe  its  furface  and  give  it  a little 
warmth,  takes  Are  fo  foon  as  it  becomes  opened  out  to  the 
air.  6th.  Two  thirds  of  nitrous  acid  and  one  third  vitriolic 
acid  mixed,  and  then  poured  on  oil  of  turpentine,  produces 
inffant  and  tremendous  inflammation ! 7th.  Ether  dropt  on, 
water  produces  ice.  8th.  Calcs’s  are  revived,  if  while  they 
are  in  fufion,  inflammable  air  be  blown  upon  them, 
' 9th.  Equal  quantities  of  regulus  of  cobalt  difTolved  in 
diluted  nitrous  acid,  and  fea  fait  difTolved  in  water,  make 
an  ink  that  comes  and  goes  with  heat  and  moillure. 
lOth.  Invifible  writing,  with  a folution  of  lugar  of  lead, 
is  rendered  black  by  a folution  of  liver  of  fulphur,  both 
in  w'atcr.  This  phlogiflic  effedl;  will  take  place  through  a 
thick  book,  or  even  a ffonc  wall.  iith.  Hembergs’s 
pyrophorus  requires  one  part  fugar  and  three  parts  al- 
lum,  to  be  melted,  ftirred,  and  dried  on  an  iron  fliovel 
till  it  becomes  a blackifli  coal;  then  bruife  it  into  pow- 
der, and  jnit  it  into  a long-necked  bottle,  and  the  bottle 
into  a crucible  Ailed  with  dry  fand  ; then  place  the  cru- 
cible in  a grudual  Are,  till  the  whole  becomes  red  hot, 
and  keep  it  fo  an  hour,  or  till  a weak  fulphurous  flame 
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has  IfTued  out  of  the  bottle’s  neck  a quarter  of  an  hour; 
remove  it  by  degrees,  and  cork  up  the  bottle  as-l'oon  as 
it  will  not  burn  it,  or  decant  the  pyrophorus  into  a dry 
bottle,  well  flopped  from  air.  A little  of  this  powder  ex- 
pofcd  to  moifl  air  on  brown  paper,  inftantly  takes  fire. 
12th.  Vitriolic  acid  contains  more  latent  fire  than  water  by 
one-third — therefore,  when  mixt,  an  equilibrium  takes 
place,  and  the  three  parts  are  let  loofe  in  fenfible  heat. 
Hence  iron  pyrites  lying  in  water  produces  heat,  and  be- 
comes ink  with  an  infufion  of  galls  ; rain  water  running 
over  quarries  of  fuch  pyrites  above  Bath,  acquire  the  heat 
for  which  thofe  waters  are  celebrated.  13th.  Vegetables 
contain  much  nitre;  the  water  therefore  in  which  po- 
tatoes, fpinage,  &c.  are  boiled  diflblves  the  nitre,  and 
hence  brown  paper  foaked  in  fuch  water,  becomes  ex- 
cellent match  when  cut  in  flips  and  dried.  14th.  Silver 
dilTolved  in  diluted  nitrous  acid,  (or  luna  cornea)  is  pre- 
cipitated by  copper ; for  the  acid  has  a greater  affinity 
to  copper  than  filver,  therefore  the  filver  precipitates, 
and  form  thofe  beautiful  ramifications  called  the  arbor 
Diana. 

ACIDS  arc  both  in  a liquid  and  concrete  form,  have 
n four  tafte,  and  they  effervefce  with  alkalies.  Vitriolic 
acid  is  fluid,  tranfparent,  colourlefs,  and  without  fmell ; 
like  water,  but  much  heavier.  It  is  got  generally  from 
fulphur,  by  diftillation  with  water,  to  which  it  has  great 

affinity. Nitrous  acid  is  of  a brown  colour,  emits 

brown  vapours,  has  a pungent  fmell,  readily  difTolves 
inoft  metals,  and  is  extrafted  by  diftillation  from  nitre 
or  falt-petre,  moiftened  with  vitriolic  acid . It  attacks 
the  phlogifton  of  metals,  and  has  the  greateft  affinity  to 
it.  Marine  acid  is  extradled  from  common  fait,  it  is  of 
a yellow  colour,  and  frhells  like  faffron. 

ALKALIES,  are  faline  bodies  that  combine  readi- 
ly with  acids ; in  a concrete  form  they  attradl  moifture 
from  the  air,  and  become  fluid  ; they  have  an  acrid  burn- 
ing tafte  ; fufe  with  a moderate  heat;  diffolving  earths 
with  a ftrong  heat ; become  glafs,  &c.  Fixt  mineral  al- 
kali is  obtained  from  fea  fait ; fixt  vegetable  alkali  from 
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vegetables,  both  {landing  a great  he^t  without  dilllpa-* 
tion.  Volatile  alkali  h from  animal  fubftances, 

by  decompofition  and  putrefadlion,  and  flies  off  with  a 
^^7// degree  of  heat;  hartlhorn  drops  are  of  this  kind. 
Alkaline  falts  combined  with  oils  form  foap,  &c. 

SALTS  are  every  thing  with  a fharp  tafle,  and  fo- 
luble  in  water.  Sea  fait,  or  kitchen  fait,  is  a combination 
of  marine  acid  and  mineral  alkali.  Luna  cornea  is  a fait 
formed  by  the  union  of  filver  and  acid.  Verdigrife,  falts 
formed  by  the  folution  of  copper  in  vinegar.  Ammoniacal 
falts,  are  an  acid  faturated  with  volatile  alkali.  Sugar, 
an  effential  fait,  containing  vegetable  acid  combined 
with  earth  and  oil.  Potajh,  a fixt  vegetable  alkali  ex- 
trailed  from  the  afhes  of  vegetables.  Nitrous  falts  are 
found  in  old  walls,  or  places  impregnated  with  animal 
and  vegetable  juices they  are  neutral,  and  produce  ni- 

trous acid  and  fixt  vegetable  alkali. 

METALS.  Pcrfefi  metals,  or  thofe  that  cannot  be 
decompounded,  arc,  gold,  platina,  and  filver.  Imperfect 
metals,  are,  copper,  iron,  tin,  and  lead,  which  in  fire  or 
firong  menftruums  lofe  their  metalline  properties  be- 
come an  earth,  or  calcs  ; but  are  revivable  back  to  their 
original  metals  by  phlogillon ; hence  imperfeil  metals 
are  wholly  compofed  of  earthy  matters  and  phlogillon. 
Pure  metals  are  always  found  in  their  metallic  form ; but 
the  imperfeil  metals  in  the  form  of  calcs’s  or  ores  ; thefe 
placed  in  a flrong  fire  acquire  from  the  combuflibles 
phlogifton  enough  to  become  metals,  and  are  then  com- 
bullible  themfelves  in  a flrong  fire  : Sparks  produced  by 
the  llroke  of  flint  and  Heel,  are  but  particles  of  fleel  fet 
on  fire  by  the  violence  of  the  llroke.  Gold  is  unalterable 
by  art,  is  the  heaviell  of  all  known  bodies,  expands  fo, 
that  a grain  may  be  beat  into  a leaf  of  fifty  fquare  inches, 
and  a gold  wire  one  tenth  of  an  inch  in  diameter,  will 
fufpend  or  fupport  5001b.  weight  without  breaking.  Re- 
duced into  fine  powder,  it  is  eafily  attacked  by  acids,  but 
its  metallic  nature  is  in  no  refpe6l  altered.  Gold  dif- 
folved  by  aqua  regia,  and  then  precipitated  by  volatile 
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alkali,  and  then  walked  and  fuffered  to  dry,  explodes  by 
a fmall  degree  of  heat,  with  a quicknefs  and  violence  far 
exceeding  gunpowder.  Ether  poured  on  a folution  of 
gold  in  aqua  regia,  and  the  mixture  lliook — the  go'd 
will  leave  the  aqua  regia  and  pafs  into  the  ether.  Cold 
will  continue  months  in  a hot  fire  without  lofing  any 
weight.  Platina.  This  metal  is  found  in  fmall,  angu- 
lar, Alining  grains  in  the  gold  mines  of  South  America  ; 
it  is  near  as  heavy  as  gold  naturally,  but  deprived  of  the 
iron  with  which  it  is  generally  united  it  is  heavier.  It 
dilTolves  in’  aqua  regia,  but  bids  defiance  to  fimple  acids, 
or  any  fire,  except  rhat  of  a large  burning  glafs.  Silver 
is  the  third  unalterable  metal — it  fufes  in  a fmall  heat ; is 
nearly  as  duflile  as  gold  ; a wire  of  it  one  tenth  of  an  inch 
diameter  will  fuftain  2701b.  It  affumes  a black  appearance 
when  expofed  to  phlngifiiic  vapours,  for  it  is  capable  of 
over faturingitfelf  with  the  inflammable  principle.  Nitrous 
acid  dilTolves  filver  more  compleatly  than  any  other  acid. 
Copper,  though  an  imperfeft  metal,  comes  near  to  filver 
in  point  of  dudlility.  A wire,  as  above,  fupports  2991b. 
Moift  air  tarniflies,  and  even  calcines  it ; this  ruli,  or 
calx,  is  verdigrife.  Acids,  alkalies,  faline  matters,  and 
oils,  more  or  lefs  dilTolve  copper,  and  the  folution  is  of 
a green  colour,  and  poifonous  ; hence  culinary  velTels  of 
copper  fliould  be  kept  well  tinned.  A folution  of  cop- 
per in  volatile  alkali  is  blue  when  expofed  to  the  air,  but 
lofes  the  colour  when  corked  up ; opened,  it  again  be- 
comes blue,  8cc. — So  water  Impregnated  with  too  littlp 
copper  to  be  difcovered,  turns  blue  with  a few  drops  of 
volatile  alkali.  Copper  is  moflly  found  combined  with 
fulphur  in  mines  ; and  is  eafily  feparated  from  other  me- 
tals by  fulphur.  It  requires  a firong  heat  to  melt  it, 
emits  pernicious  fumes,  and  burns  with  a green  or  blue 
flame.  It  eafily  combines  with  other  metallic  fubflances 
— with  zink  it  becomes  brafs — with  tin,  bronze,  or  bell- 
metal,  &c.  Iron  is  the  mofl:  ufeful,  the  hardeft,  moll: 
elaflic,  and,  except  tin,  the  lighteft  of  all  metals.  Such 
a wire  as  above,  fupports  450Tb.  As  an  ore,  or  a calx, 
it  is  not  attradled  by  the  magnet— but  when  phlogirti- 
cated  by  roafting  in  the  fire,  it  is  attra£led.  It  is  eafily 
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<lq)rlved  of  phlogi/lon,  by  the  calcs  of  other  metals,  wa- 
ter, moiil:  air,  acids,  fire,  &c.  and  becomes  ruft,  or  cro- 
cus martis.  Iron,  joined  by  fubftances  that  abound  with 
phlogifton,  in  a ftrong  fire,  without  the  free  accefs  of 
air,  becomes Jicel ; and  fteel  made  red  hot,  and  fuddenly 
cooled  in  water  or  oil,  becomes  fo  hard  tempered,  and 
brittle  that  edge-tools,  files,  &c.  are  made  of  it.  In 
the  a£l  of  heating  it  cli-anges  colour,  and  hence  many 
fteel  ornaments  are  made  blue.  Iron  has  great  affinity 
with  fulphur,  and  its  fufion  is  fo  much  facilitated  by  it 
that  if  iron  in  white  heat,  be  rubbed  with  fulphur,  it  Kills 
in  liquid  drops  united  with  the  fulphur  ; and  if  6olb.  of 
iron  filings  and  fulphur,  made  into  a pafte  with  water, 
be  buried  a few  inches  under  ground,  it  will.fwell,  grow 
hot,  emit  vapours  and  flame,  and  fliake  the  ground  about 
it  like  an  earth-quake.  Iron  may  be  allayed  with  any 
metal  except  quickfilver  and  lead.  T7«  is  the  lighteft, 
leafl:  .claftic,  or  fonorous  of  any  metal.  A wire  as  above, 
fupports  5olb.  All  acids  dilTolve  and  deprive  it  of  its 
nhlogillon.  It  melts  with  lei's  heat  than  w'ill  make  it 
red  hot,  and  calcines  into  a grey  powder  called  putty, 
(ufed  in  polillring  metals,  glafs,  6cc.)  It  allays  with 
all  metals,  gives  them  brittlenefs;  and  its  vapours  im- 
pair the  ductility  of  all  metals.  It  amalgamates  with 
quickfilver,  and  is  then  ufed  to  cover  looking-glalTes  ; 
compounded  with  lead  it  forms  the  folder  of  the  plum- 
bers.— is  ftill  fofter  than  tin;  a w'ire  as  above, only 
I'uftains  29II).  Acids  of  all  forts  diffolve  it — fumes  of 
vinegar  rulls  it  into  ’■jjhlte-lcad.  Calcs  of  lead  is  made 
into  wafers  ; boiled  in  linfeed  oil,  it  becomes  the  dry- 
ing-dil  of  the  painters.  Lead  kept  in  a ftate  of  fulion, 
with  a current  of  air  paffing  over  it,  foon  lofes  its  phlo- 
giilon,  and  becomes  calcined,  and  is  then  called  red- 
lead:  a fironger  heat  vitrifies  this  calx  into  litharge  : 
and  a flill  fironger  heat,  reduces  it  into  glafs  of  Lcad^ 
which  will  run  through  the  crucible  like  water  through 
a fieve.  This  glafs  facilitates  the  calcination  of  imper- 
feefi  metals,  and  is  therefore  ufed  to  purify  the  pried 
metals.  Alcrcury,  or  quickjilvct\  is  like  fluid  filver  opa- 
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quc  and  very  heavy.  By  great  cold  it  can  be  made  folid, 
and  malleable  as  lead.  It  rifes  in  vapours  by  a fmall  de- 
gree of  heat,  and  when  thefe  vapours  are  collefted,  they 
are  found  the  very  fame  quickfilver.  Hence  it  is  eafily 
diftilled,  and  by  that  means  eafily  feparated  from  lead, 
tin,  &c.  Acids  and  alkalies  combine  with  mercury. 
Vapours  of  mercury  and  marine  acid  meeting,  form 
chryftals  like  Battened  needles,  called  corrojive  fublimate. 
Mercury  fhook  in  vinegar,  exhibits  a curious  pheno- 
menon ; and  it  is  luminous  when  fhook  in  vacuo. 
Quickfilver  triturated  with  fulphur,  forms  Ethiops  mi- 
neral-^ and  this  frequently  fublimed,  becomes  cinnabar — 
or  the  vermilion  of  the  painters.  Cinnabar  is  alfo  found 
a native  in  the  mines,  and  may  be  confidered  as  the  ore 
of  quickfilver. 


EARTHS. 


Earths  make  up  the  folid  part  of  our  globe  ; they  are 
fo  intermixed,  that  it  is  difficult  to  come  at  their  compo- 
nents, which  are,  ift.  Calcareous  earths,  i e.  lime-ftonc, 
chalk,  flaladfites,  or  Hone  icicles,  marbles,  or  any  earths 
that  effervefee  with  acids;  that  fall  in  white  powder 
when  burnt ; that  will  not  nielt  into  glafs  by  heat  ; but 
will  melt  when  mixed  with  borax,  or  calcs’s,  and  affift  the 
fufion  of  lead,  copper,  and  iron.  Siliceous  earths,  or  pre- 
cious ftones,  as  the  diamond,'  ruby,  topaz,  opal,  agate, 
cornelian,  flint,  jafper.  Many  of  thefe  ftrike  fire  with, 
and  even  fcratch  fteel ; — do  not  melt  with  the  flrongeft 
fire ; and  do  not  effervefee  with  acids.  Argillaceous 
earths,  or  clays  that  harden  in  the  fire,  and  ufed  to  make 
porcelain  ; and  clay  marles,  that  moulder  in  water,  and 
effervefee  with  acids,  ufed  as  manure.  Micaceous  earths 
are  compofed  of  thin  leaves,  or  lamina,  with  lliining  fur- 

E 2 
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feces,  and  which  divide  into  thinner  leaves  in  the  firc» 
and  become  brittle.  JJbeJius  earthi.  Thefe  do  not  alter 
in  the  tire  ;'are  flexible  and  ftringy,  capable  of  being  fpun 
into  threads,  or  wove  into  cloth.  Zeolites  are  harder 
than  calcareous  ftones  ; melt  eafily  in  the  fire  with  twel- 
ling  and  ebullition ; and  dilTolve  with  acids  without 
effervefcence, 


[ *9  ] 


L E.  C T U R E IV. 


PNEUMATICS. 


HE  air  is  a thin  fluid,  which  encompalTes  the  globe 


of  the  earth  on  all  fides,  revolves  along  with  it 
round  its  axis,  and  attends  it  on  its  annual  journey  round 
the  fun.  If  a peach  be  fuppofed  to  reprefent  the  earth, 
the  air  will  be  aptly  flgnified  by  the  down  growing  on  its 
fur  face. 

This  body  of  air,  (together  with  the  clouds  and  vapours 
that  float  in  it)  is  called  the  atmofphere  ; and  it  reaches 
about  forty-five  miles  above  the  ground  beford  it  degene- 
rates into  too  thin  an  aether  to  refradl  the  rays  of  light,  or 
for  any  creature  to  breathe;  this  is  known  by  meafuring 
with  a barometer  the  weight  of  the  atmofphere  in  a low 
valley,  and  on  a mountain,  and  may  be  familiarized  by 
fuppofing  a thoufand  fleeces  of  wool  one  piled  above 
another,  where  the  lowefl;  will  be  greatly  comprefled  or 
fqueezed  together,  the  next  not  fo  much,  the  next  not  fo 
jtiuch  as  that,  &c.  till  we  come  to  the  uppermoft,  which 
will  lie  in  its  natural  loofe  ftate.  The  air,  by  being 
elaftic,  and  partaking  of  the  earth’s  attradfion,  is  necef-' 
farily  drawn  into  progreflive  ftate  like  this. 

The  air  is  fo  fubtil  that  it  pervades  the  pores  of  all 
bodies,  and  enters  into  the  compofition  of  moft  animal 
and  vegetable  fubftances ; yet  it  is  a body,  becaufe  it 
excludes  all  other  bodies  from  the  place  it  poiTefles,  if 
fo  confined  that  it  cannot  efcape;  hence  the  origin  of 
I the  diver’s  bell,  for  if  we  fink  a bell  in  water  with  the 
mouth  open  downwards,  little  water  will  make  its  way 
1 into  it,  and  a perfon  may  defeend  and  live  at  a confidera- 
I ble  depth,  ifa  veflTel  of  the  fame  kind  be  kept  conftantly 
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fupplying  him  with  frefli  air,  and  that  made  noxious  hy 
his  breathing  be  let  out  by  a pipe  reaching  from  the  up- 
per part  of  the  bell  above  the  furface  of  the  water.  For 
air  taken  into  the  lungs,  returns  phlogifticated,  having 
brought  off  the  Tuperabundant  phlogilton  of  the  blood, 
which  makes  a digreffion  from  the  heart  to  receive  puri- 
fication from  the  air ; and  hence  the  blood  returns  thin, 
florid,  and  fit  for  circulation,  while  the  expired  air  is 
ejedfed  into  the  general  mafs  phlogifticated  and  unwhole- 
fome. 


The  air  has  all  the  properties  by  which  a fluid  is 
diftinguillied,  it  yields  to  the  flighteft  imprefflon,  its 
parts  move  eafily  among  one  another,  and  animals 
breathe  and  move  through  it  without  any  difficulty. 
Yet  it  has  three  fingularities  which  diftinguifh  it  from 
moft-fluids.  I.  It  can  be  compreflTed  into  a lefs  fpace 
than  it  naturally  polTefTes.  2.  It  can  occupy  a greater 
fpace  than  it  naturally  pofTefTes.  3.  It  is  of  different 
denfity  in  every  part  upward. 

As  the  air  is  a body,  it  muff:  needs  have  ’weight  \ this 
is  proved,  i.  By  its  prefling  the  hand  that  covers  the 
top  of  an  exhaufted  receiver.  2.  By  immerfing  the  ftem 
©f  a bolt -head  into  a veffel  of  water,  and  covering  both 
with  a receiver,  then  exhaufting  the  air  out  of  both  ; c.n 
letting  in  the  air  on  the  furface  of  the  water  it  forces  it 
into  the  exhaufted  bolt-head.  3.  A battle  that  holds  a 
wine  quart  being  emptied  of  air,  and  weighed,  is  found 
to  be  about  17  grains  lighter  than  when  it  is  full  of  air  ; 
fo  that  a quart  of  air  on  the  earth’s  furface  is  17  grains. 
4.  If  a wet  bladder  be  tied  over  the  top  of  an  open  re- 
ceiver, then  fet  to  dry,  and  alter  this  the  air  exhaufted 
from  under  it,  the  air’s  weight  will  then  burft  the 
bladder  with  a furprizing  report.  5.  On  a moveable 
plate  place  a tall  receiver,  open  its  cock,  and  exhauft 
the  air  out  of  it,  then  ftiut  the  cock,  and  immerle 
the  ftem  in  which  it  is  fixed  into  a veffel  full  of 
water;  on  opening  the  cock  the  air’s  preffure  ou 
the  water  will  force  it  into  the  receiver  in  a beau- 
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tiful  fountain.  6.  If  a hole  be  made  in  the  bot- 
tom of  a cup,  and  have  a bit  of  dry  hazel  or  .willow 
branch  fixed  into  it,  and  this  be  put  into  a hole  on  the 
top  of  a receiver  ; when  quickfilver  is  poured  into  it, 
and  the  air  exhaufted,  the  quickfilver  will  be  forced 
thro’  the  pores  of  the  branch  by  the  weight  of  the  in- 
cumbent air,  and  will  fall  in  a curious  fliower  into  the 
receiver.  7.  if  a tube  of  32  inches  long,  and  open  only 
at  one  end,  be  filled  with  quickfilv.er,  and  then  the 
open  end  immerfed  in  a jar  of  quickfilver,  that  in  the 
tube  will  fink  to  the  height  the  quickfilver  ftands  in  the 
barometer;  if  this  jar  and  tube  be  put  under  a tall  re- 
ceiver, and  the  air  exhaufted,  the  quickfilver  will  de- 
fcend  out  of  the  tube  into  the  jar;  but  upon  admitting 
the  air  again  into  the  receiver,  its  prelTure  will  drive 
.up  the  quickfilver  into  the  tube,  and  fupport  it  therein 
as  it  ftands  in  the  barometer,  which  proves  that  the 
quickfilver  in  the  barometer  is  kept  up  folely  by  the 
weight  of  the  air.  8.  If  the  air  be  exhaufted  out  of 
two  brafs  hemifpheres  of  about  12  inches  area,  it  will 
require  a force  equal  to  180  pounds  to  feparate  them. 

To  prove  that  thefe  effe£ls  are  not  produced  by  fuc- 
iion^  and  that  there  is  no  fuch  principle  in  nature,  i . Place 
a finall  receiver  at  fome  diftance  from  the  hole  in  the  ‘ 
pump-plate,  and  cover  it  with  a large  one  over  the  hole ; 
on  exhaufting  the  air  the  fmall  one  will  remain  loofe, 
while  the  large  one  is  made  faft  to  the  plate;  but  on 
letting  in  the  air  the  big  receiver  will  be  releafed,  and 
the  fmall  one  prefled  down.  2.  If  a pump  be  placed  in 
water  under  a receiver,  and  the  air  exhaufted,  no  water 
can  be  made  to  rife  in  the  pump.  3.  If  two  moveable 
plates  be  fixed  upon  a pump-plate,  with  communications 
between  them  that  can  be  ftopped  by  cocks,  if  the  air 
'is  exhaufted  out  of  a receiver  placed  on  one  of  them, 
and  then  a receiver  placed  on  the  other,  and  the  com- 
munication opened,  half  the  air  in  the  laft  will  by  its 
fpring  make  its  way  into  the  fir  ft  receiver,  and  both 
fliall  be  fixed  ou  the  plates. 
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breathing  is  in  fome  raeafure  performed  by  the  power 
of  the  .htercoftal  mufcles  acHng  opon  thl  ribs  they 
are  d.fpofed  m form  of  a femicircular  arch,  and  articu! 

r V H the  back  behind,  and  con- 

center on  which  the™move*^.^^The  diaper 
tition  drawn  acrofs  the  body,  dividing  ‘th^thorax  Tr 
cheft  from  the  abdomen  or  belly  • it  is  a irmfr-U  A 
by  Its  difpofition  and  ftrudlure  capable  of  expanfion 

whereby  It  becomes  concave  downward,  and  ofc^ontrac- 

akernalYv^'^  ^at ; and  by  this  motion 

alternately  rarefying  and  condenfmg  the  air  in  the 

crevices  ot  the  thorax,  and  thereby  deftroying  its  equi! 

Ptefs  in^o  ^the  luTs 
nd  when  the  diaphragma  contrafts,  will  be  forced  o^ut 
gam  ; hence  the  a61:ion  of  breathing,  as  is  reprefented 
by  the  ungs-bladder,  whofe  infide^hn,  a cZminl^a- 
t on  with  the  external  air,  though  it  is  inclofed  in  a 
thorax  of  glafs  with  its  bottom  clofed  by  a bladder,  tied 
flaccid,  reprefenting  the  diaphragma. 

The  elajic  quality,  or  fprlng,  of  the  air  is  thus  proved, 
I.  If  an  almoft  ^npty  bladder  be  put  under  a receiver, 

will  bladder 

will  then  fliew  itfelf  by  fwelling  up  the  bladder,  as  if  it 

was  blown.  2 If  a little  of  the  Ihell  be  cut  olF  from 

the  fmall  end  of  an  egg,  and  the  egg  put  under  a re^ 

ceiver,  on  exhauftmg,  the  bubble  of  air  in  the  big  end 

2nd  drive  out  the  contents 
^ ^SS'  3‘  IP  ^ filli  in  water  be  put  under  a re- 
^ exhaulled,  its  air-bladder  will  fwell 
•le  hft  io  as  to  make  it  fpecifically  lighter  than  water, 
and  of  courfe  the  hfn  will  be  buoyed  up  to  the  furface. 
4.  a cubic  inch  of  dry  wood  in  warm  water  be  put 

air  exhaulled,  large  and  innu- 
merable bubbles  of  air  will  come  out  of  the  wood  and 
make  the  water  feein  to  boil;  and  in  this  manner  may 
air  be  drawn  vifibly  out  of  the  hardell ' bodies,  c.  A 
withered  apple  m an  exhaulled  receiver  will  be  plumped 
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lip,  and  look  quite  frefli,  by  the  fpring  of  the  air  In  the 
iiifide  of  It ; and  if  a frelh  one  be  pricked  all  over  with 
a bodkin,  and  put  in  water  under  a receiver,  on  exhauft- 
ing,  it  will  appear  as  if  it  was  roalling  by  a fire.  6.  If  a 
tall  receiver  be  exhaufled,  and  the  neck  ot  the  veflel 
joined  to  its  bottom  be  half  full  of  water,  the  fpring  of 
the  air  on  the  furface  of  that  water  will  force  it  out  into 
the  receiver  in  a beautiful  fountain.  7.  If  a little  air  be 
tied  up  in  a bladder,  and  put  in  a convenient  veflel  with 
great  weights  upon  it,  on  exhaufting  the  air,  the  fprllig  of 
the  air  in  the  bladder  will  lift  the  weights,  and  ftiew  that 
its  fpring  is  equally  forcible  with  its  prelfure  ; therefore, 
though  a middle-fi'/.ed  man  fuftains  above  30,0001b.  weight 
on  his  perfon,  yet  the  equal  fpring  of  air  within  him  makes 
him  infenfible  of  it. 

Heat  and  cold,  or,  if  you  will,  the  prefence  or  the 
abfence  of  jlre,  are  the  ufual  caufes  of  the  air’s  rare- 
fhdlion  and  condenfation  : If  air  be  heated,  it  fwells,  fo 
that  the  fpace  it  poflefl'ed  before  it  was  heated  will  contain 
fewer  particles  than  it  did  in  its  cold  ftate.  Wind  mull: 
be  the  neceflary  confequence  of  this ; for  by  what  means 
foever  the  equilibrium  of  the  air  is  deftroyed,  its  neigh- 
bouring parts  will  never  be  at  reft  till  the  balance  is  re- 
ftored  ; Hence  the  reafon  why  air  rullies  fo  violently  into 
a glafs-houfe;  into  a clofe  room  with  a great  fire  in  it; 
into  warm  towns,  &c.  When  the  fun’s  heat  is  increafed 
by  the  refle6tion  of  fands,  or  the  fides  of  rocky  moun- 
tains, 6cc.  the  air  will  be  rarefied,  and  by  the  rufhing  in 
of  the  colder  neighbouring  air  will  be  forced  up  into  the 
higher  part  of  the  atmofphere,  as  light  fmoke  is  up  a 
chimney  by  the  heavier  air.  If  a Large  cloud  keeps  the 
fun’s  rays  from  the  air  under  it,  but  rarefies  that  all 
round  it,  a wind  will  rufh  from  beneath  the  cloud  in  all 
diredlions.  Upon  this  principle  alfo  we  account  for  the 
trade  ivinds  which  conftantly  blow  from  the  eaft  towards  the 
weft  about  the  equator;  for  as  the  fun  paflcs  over  the 
earth  in  that  diredlion,  and  rarefies  the  air  as  he  goes, 
by  heating  the  earth,  and  bottom  of  the  fea  (for  tranf- 
parent  bodies  receive  no  heat  from  folar  rays)  the  colder 
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air  will  rufh  after  him.  This  efFc6t  is  alfo  increafed  by 
the  greater  centrifugal  motion,  which  the  equatorial  parts 
of  the  globe  have  more  than  thofe  parts  nearer  the  poles  ; 
by  which  the  globe  Aides  as  it  were  from  under  the  air, 
caufing  an  apparent  motion  in  it  the  contrary  way  to  that 

on  which  the  earth  turns  on  its  axis Hence  alfo  the 

■monfoons ; the  day  and  night  breeze,  on  the  iAands  in  the 
WeA-Indies ; the  wind  from  weft  to  eaft  on  the  coaft 
of  Guinea ; and  the  currents  of  Florida,  Gibraltar,  &c. 

’TIs  unncceffary  to  point  out  here  how  admirably 
thefe  properties  coincide  with  the  general  fcheme  of  the 
creation. 
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LECTURE  V. 


PNEUMATICS. 


'T'HAT  the  air  may  be  condenfed  or  fqueezed  into 
lefs  room  than  it  naturally  pofleffes  is  proved, 
I.  By  putting  a blown  bladder  in  a receiver;  if  a forcing 
fyringe  be  then  applied  to  the  receiver,  and  a quantity  of 
air  forced  into  it,  the  bladder  will  be  flirivel’d  up  by  the 
fuperior  preflure  of  the  condenfed  air.  2.  If  a copper  ball 
be  half  filled  with  water,  and  a quantity  of  air  forced  Into 
it  as  above,  through  a fpoutingpipe  that  reaches  nearly  to 
the  bottom  of  the  water,  the  fpring  of  the  condenfed  air  on 
the  furface  of  the  water  will  exhibit  an  amazing  fountain. 
3.  The  mofl  formidable  inftance  of  condenfion  is  in  the 
magazine,  and  walking-cane  wind-guns ; where  the  con- 
denfed air  has  a fpring  capable  of  difcharging  20  or  30 
balls  with  one  charge,  one  after  another,  with  the  fame 
force  as  if  charged  with  gunpowder.  Air  fo  fqueezed  has 
a portion  of  its  latent  heat  forced  out,  and  the  containing 
velTel  besomes  hot,  like  hammered  iron. 

By  compounding  charcoal  and  nitre,  the  principles  of 
inflammation  are  united ; charcoal  affording  phlogifton, 
nitre  empyreal  air,  and  fulphur  fuddcn  heat,  by  ignition. 
Hence  flame  dlfplacing  the  air  around  it,  caufeth  an  ex- 
plofion,  which  does  not  take  place  in  vacuo. 

Sound  is  caufed  by  any  thing  that  gives  a fmart  Broke 
or  a tremulous  motion  to  the  air;  thefe  waves  ftriking 
upon  the  outward  fhell  of  the  ear,  are  from  thence  con- 
veyed up  the  auditory  tube,  and  ftriking  againft  the  tym- 
panum, or  drum,  are  fo  increafed,  that  in  making  their 
way  up  the  labyrinth,  it  gives  a fhock  to  the  auditory 
nerves,  and,  by  their  means,  is  conveyed  to  the  foul  the 
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idea  of  hearing,  or  found.  The  artificial  ear  makes  this 
very  evident.  And  the  clock  Itriking  in  vacuo  without 
being  heard,  is  a proof  of  air  being  a condudfor  of  found, 
iVlufical  llrings,  in  tenlion,  Itruck  by  a bow,  a finger,  the 
wind,  &c.  will  divide  themfelves  into  imaginary  frets,  or 
bridges,  viz.  into  halves,  thirds,  fourths,  &c.  a bridge, 
either  real  or  imaginary,  dividing  a firing  into  fwo  equal 
lengths,  each  (vibrating  according  to  their  vc eight)  will  be 
an  o£lavc  to  the  whole  firing,  as  half  will  vibrate  twice  a? 
faft  as  the  whole ; and  hence  every  fecond  wave  unites 
with  the  firfl  of  the  whole  firing,  and  gives  a plcafing 
fenfation  to  the  ear. — A firing  divided  into  three  equal parts^ 
each  will  vibrate  three  times  while  the  whole  firing  vi- 
brates once ; hence  every  third  wave  coming  in  contadt 
produces  a pleafing  fenfation,  and  the  chord  is  called  a 
Twelfth.  Two-thirds  of  this  firing  vibrates  three  times 
while  the  whole  firing  vibrates and  gives  that  f'weet 
chord  called  a Fifth.  Seven-ninths  of  a firing  produce 
the  major  Third:  and  three -fourths  the  Fourth.  Hence  ' 

waves  clafhing  againfl  one  another  without  contadl, 
produce  dijchords  in  mufic,  and  ferve  as  foils  or  reliefs 
to  the  counterpoint  of  according  waves.  Hence  alfo 
the  mechanical  fympathy  of  mufical  inflruments  tuned 
in  unifon  ; one  of  which  will  found  when  the  other  docs, 
by  the  waves  it  produces.  An  harpfichord  replies  to  1 

every  word  fpoken  in  the  room  where  it  Hands,  when  \ 

its  firings  have  no  dampers  upon  them.  Particular  ^ 

notes  in  an  organ  will  fliake  the  wainfeot,  fet  dogs  a jj 

howling.  Hence  alfo  the  various  founds  produced  by  1 

the  Eolian  harp,  when  tuned  unifon,  and  expofed  to  a ' 

current  of  wind the  firings  divide  themfelves  into 

imaginary  bridges,  and  produce  odlavcs.  fifths,  thirds., 
twelfths,  fifteenths,  &c.  The  maflerly  performer  on  the 
violin  aflifls  this  propenlity,  by  touching  lightly  thole  ; 

aliquot  parts  of  a firing  where  nature  would  m.ake  this 
imaginary  bridge,  and  hence  arc  produced  thofe  notes 
called  harmonics. 

When  the  atmofphere  is  light,  the  noxious  air  pent 
up  in  the  cavities  of  mines  (communicating  with  the  out- 

■: 
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\vard  air)  will,  by  its  cfFort  to  rcftore  an  equilibrium, 
fvvcll  into  the  mine,  and  hence  the  fulFocating  damp 
which  is  met  with  in  mines  when  the  barometer  is  low. 
This  damp  is  made  on  the  air  pump  by  letting  air  into 
an  exhauiled  receiver,  through  the  flame  of  charcoal, 
fulphur,  flame  of  a candle,  &c.  into  which  if  an  animal 
be  put  it  fullers  inflrant  death.  The  fire-damp  proceeds 
from  the  fame  caufe,  only  that  its  particles  are  of  the 
phlogiflic  or  inflammable  nature,  as  rifing  from  the  ful- 
phurous,  nitrous,  or  oleaginous  ftrata  in  the  mine  : This, 
taking  fire  by  the  lights  ufed  by  the  workmen,  will  run 
like  a train  of  gunpowder  through  the  works;  and  as  it 
is  confined,  the  elafticity  occafioned  by  the  heat  will 
caufe  fuch  explofions  as  frequently  blow  up  the  mine. 
This  damp  is  made  on  the  pump,  by  letting  the  air 
into  an  exhaufted  receiver  through  the  flame  of  the  oil  of 
turpentine  or  other  inflammable  matters  ; after  which,  if 
a lighted  candle  be  put  in  the  vapour  it  will  take  fire. 

As  the  pores  and  cavities  of  all  bodies  are  filled  with 
air,  an  animal  put  under  a receiver,  and  tfie  air  exhaufted, 
will  foon  die  ; becaufe  as  the  air  is  drawn  out  of  the  lungs, 
that  in  the  thorax  w'ill  expand  and  fwcll  the  animal, 
fhrivel  up  its  lungs,  and  thereby  flop  the  circulation  of 
the  blood. 

Fixed  air  {that  ivend'rout  antifceptic)  arifes  from  the 
effcrvefcence  of  any  acid  and  alkaline  mixture,  and  eafieft 
from  chalk  and  diluted  oil  of  vitriol. — laquors  fermenting 
difeharge  plenty  of  it,  and  it  is  found  alfo  in  the  common 
atmofphere.  It  is  a conftituent  part  of  chalk,  marble, 
limeftone,  and  all  calcarious  earth.  Water  imbibes  it, 
and  thence  acquires  the  fparkling  appearance,  acidulous 
tafte,  and  medical  qualities  of  Fyrmont  water.  Though 
noxious  when  breathed,  it  cures  the  fea  feurvy,  putrid 
inteftii'ies,  inflamed,  or  putrid  fores,  &c.  It  is  alfo  faid  to 
be  a compound  of  phlogifton,  and  dephlogifticated  air. 

Nitrous  air  is  produced  from  the  efFervcfcence  of  copper 
filings  and  the  nitrous  acid. — It  diininlflies  common  air. 
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in  proportion  to  its  purLty:  and  their  mixture  produces  a 
brown  efFervefccnce. 

Inflammable  air,  the  pure  and  elementary  phhgijlon,  is 
eafiell  procured  from  iron  filings  and  diluted  vitriolic  • 
acid;  the  acid  feizes  the  earth  of  iron,  and  lets  loofe  the 
fixt  phlogifton,  exhibiting  it  as  elajiic  air.  'J  his  gas  is 
imbibed  by  any  metallic  calx,  in  a Itrong  heat,  and  the 
calx  becomes  revived  into  its  original  metal.  Lead  in 

calcining  lofes  its  phlogifton and  becomes  a calx  called 

minium  or  red  lead: This  phlogifton  preferved,  if  the 

calx  be  placed  in  it,  and  the  focus  of  a burning  lens 
heat  the  calx,  it  inftantly  begins  to  imbibe  the  inflam- 
mable air,  fwallows  it  up,  and  foon  becomes  the  indi- 
vidual lead  it  was  before  the  procefs.  This  is  taking 
a metal  in  pieces,  and  putting  it  together  again  ; and 
intimates  the  inflammable  principle  to  be  the  fame  in  all 
bodies,  viz.  that  inflammation  in  coals,  candles,  wood, 
&c.  arifes  from  letting  loofe  concreted  phlogifton  from 

thefe  fubftances  into  the  air, Inflammable  air  being 

eight  or  ten  times  lighter  than  common  air,  rifes  from 
bogs,  and  putrifying  fubftances  into  the  higher  regions 
of  the  atmofphere,  and  lodging  there,  frequently  re- 
ceives inflammation  from  lightning  or  eleffricity,  giving- 
thunrier  its  long  progreffive  found — —Lightning  the  pro- 
perty of  fpreading  over  the  whole  hemifphere and 

when  by  winds  it  is  drawn  into  long  ftreaks  acrofs  the 
hemifphere,  and  receives  from  eledlricity  inflammation 
at  one  end,  the  inflammation  runs  acrofs  the  hemi- 
fphere, and  we  call  the  phenomenon  falling  flars,  fiery  i 

dragons,  meteors,  Will-d th' wifps,  bic. A foap  bubble, 

filled  with  inflammable  air,  rifes  in  the  atmofphere  hkeV 
a cork  in  water,  and  is  an  air-balloon  in  miniature,^ 
rifing  from  its  fpecific  levity,  and  was  made  by  the  Au-  J 
thor  twelve  years  before  any  balloon  appeared  in  France. 
Inflammable  air,  when  mixt  with  an  equal  quantity  of 
common  air,  or  a third  of  dephlogifticated  air,  cx-^ 
plodes  when  confined  in  a gun,  and  inflamed  by  elcc-. 
tricity,  fo  as  to  dilchargc  a ball  with  a force  nearly  equaF 
to  gunpowder. 
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Copper  and  fpirit  of  fait  produce  an  air  (thro’  quick- 
filver)  that  is  very  noxious,— quickly  abforbed  by  water, 

and  a candle  burns  green  in  it.  Water  faturated  with 

it  is  a ftrong  fpirit  of  fait,  and  diffolves  iron  with  great 
rapidity. 

Alkaline  air  is  expelled  by  a candle  from  a gun-barrel 
filled  with  one-fourth  pounded  fal-ammoniac,  and  three- 
fourths  quick  lime  mixed. 

Common  air  imbibes  phlogijlon,  which  diminifhes  that 
air  by  precipating  the  fixed  air  it  naturally  contains  ; 
and  it  becomes  noxious  in  proportion  to  the  diminution 
it  is  capable  of  fuffering. — Hence  phlogiffon ‘is  the  beft 
teft  of  air — unwholefome  as  it  is  more  in  it,  and  inca- 
pable of  diminution ; and  wholefome  as  it  has  lefs  phlo- 
gifton  in  it.  For  air  imbibing  this  inflammable  matter 
from  the  blood  in  its  palTage  through  the  lungs,  per- 
forms the  office  beft  when  it  has  the  leaft  phlogifton  jn 
it.  Hence  candles  go  out  in  clofe  rooms,  and  animals 
die  in  them  ; becaufe  air  already  faturated  with  phlo- 
gifton can  contain  no  more. 

Vitriolic  acid  air  is  produced  by  oil  of  vitriol  juft  co- 
vered with  olive  oil  in  a vial,  and  difcharged  by  a candle 
through  quickfilver.  Ice  inftantly  melts  in  this  air ; 
and  alkaline  air  put  to  it  produces  a white  flaky  precipi- 
tation. 

1 

Fluor  acid  air  is  forced  by  a candle  from  a vial  con- 
taining pounded  fpar  and  oil  of  vitriol,  through  quick- 
filver into  water.  The  phlogifton  in  the  fpar  gives  vo- 
latility to  the  vitriolic  acid,  fo  that,  coming  into  contadt 
with  the  water,  they  unite,  and  the  ftony  matter  of  the 
fpar  precipitates  in  flakes,  crufts,  &c.  a true  filicious  earth. 

Dephlogijlicated  air,  (called  alfo  Vital  air ; Empyreal 
air  ; and  the  Oxyginous  principle)  feems  to  be  derived 
from  earth  and  the  nitrous  acid,  and  bids  fair  to  rob 
us  of  a received  element.  It  is  expelled  from  nitre 
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in  a glafs  retort  by  a fmartfirc;  alfo  from  red  lead  and 
fpirit  of  nitre,  out  of  a gun-barrel  or  a thin  vial  — or  any 
earthy  matter  void  of  phlogifton,  as  plpc-clay,  &c.  In  a 
given  quantity  of  this  remarkable  air  an  animal  will  live 
near  fix  times  as  long  as  in  the  fame  quantity  of  common 
air  ! A candle  burns  with  an  aflonifliing  brightnefs  in  it, 

— a firebrand  crackles  in  it  - red  hot  iron  melts  in  it 

and  inflammable  air  explodes  prodigioufly  loud  in  it,  &c. 
for  dephlogifticated  air  is  one  of  the  ingredients  of  inflam- 
mability. 

All  fubftances,  vegetable,  animal,  or  mineral,  mixt 
with  nitrous  acid,  and  expofed  to  a proper  heat,  give 

dephlogifticated  air if  the  fubflances  be  firfl:  deprived  of 

phlogilton.  But  if  the  fubftances  contain  much  phlo- 
gifton, (in  thofe  circumftances)  they  give  nitrorn,  air. 
If  but  a fmall  quantity  of  phlogifton,  fixt  air  -,  but  if  no 
phlogifton,  the  produce  is  dcphlogijiicated  air.  — So  when 
a fmall  quantity  of  phlogifton  exifts  in  the  fubftance 
ufed,  the  fixt  and  dcphlogijiicated  airs  generally  come 
over  together. 

, From  the  fmokc putrid  effluvia calcination  of 

metals and  breathing  of  animals,  the  air  muft:  be  con- 

tinually contaminated,  and  made  unfit  for  human  refpi- 
ration.  Providence  has  wifely  made  the  vegetable  king- 
dom the  cure  for  this  evil,  for  plants  imbibe  nourifti- 
ment  from  putrid  and  phlogiftic  air  at  their  leaves  as 
may  be  feen  by  the  fuperior  vigour  in  plants  growing 
near  great  cities  - by  their  growing  on  walls  without 
earth — and  by  a green  plant  put  in  noxious  air,  which 
imbibes  nourifhment,  and  cures  the  air  at  the  fame  time. 
The  air  fo  purified  in  leaves  and  plants,  leaves  them, 
and  becomes  dephlogifticated,  if  tlie  leaves  and  plants  be 
expofed  in  water  in  a tall  inverted  glafs,  and  expofed  to 
the  light. 

Refpiration  is  alfo  a phlogiftic  procefs,  afFe£fing  air 
In  the  very  lame  manner  as  putrefaeftion,  effervefcencc 
of  iron  filings  and  fulphur calcination  of  metals,  See. 
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— — dimmlflilng  Its  quantity  and  fpecific  gravity,  and  ren- 
dering it  unlit  for  refpiration  and  inflammation yet 

Itill  capable  of  being  reftored  by  agitation  in  water,  or 
a contadl  with  vegetables.  Air  comes  nearly  in  con- 
taft  with  the  blood  in  its  paflTage  through  the  lungs, 
giving  phlogiflon  to  it  when  it  wants,  and  taking  phlo- 
gifton  from  it  when  it  has  too  much.  Too  much  phlo- 
gifton  renders  the  blood  black  and  thick  — but  the  air 
having  accefs  to  it,  even  thro’  the  veflcles  of  the  lungs, 
renders  it  red  again — and  dephlogijilcated  air  Jiill  more  per- 
fe3ly  fo,  both  in  and  out  of  the  body — congealed  as  well 
as  fluid, 

That  water  is  {jrefent  in  mV,  is  evident  from  feeing  it 
.precipitate  in  a cloud  as  a receiver  is  exhaufling  on  the 
air-pump ; from  the  dew  on  windows,  or  other  cold 
bodies  when  water  flands  for  fome  time  in  a hot  room; 
from  the  wet  hair  of  thofe  who  afeend  the  fides  of  rnoun- 
tains ; and  from  its  entering  fpunges  and  hygrometrical 
inllruments  when  hung  in  air  ; from  many  more  , proofs 
’tis  evident  that  air  is  a mevjiruum for  zvater.  j^ir,  lying 
on  watery.  iX-rX  rubbing  perpetually  againft  it,  from  this- 
contadl,  and  their  natural  attra6tion,  the  two  fluids,  mu- 
tually imbibe  one  another;  (for  air  may  be  feen  in  water 
placed  in  an  exhaufted  receiver.)  That  an  heavy  body 
can  rife  in  a lighter  one  when  its  particles  are  feparated, 
and  its  furface  by  that  means  encreafed,  is  certain  from 
gold  being  diflblved,  and  of  courfe  hanging  in  aqua  regia, 
— copper  in  aqua  forth,  &c.  Water  rifes  in  air  by  the 
fame  law ; and  the  ferment  occafioned  by  all  folutions 
may  be  feen  in  the  air  along  the  furface  of  Wet  ground, 
on  a warm  day,  in  that  quivering  which  the. rays  of  the 
•fun  fufFer  in  pafling  through  air  and  water  not  yet  inti- 
mately mixed.  Heat  afjifis  all  folutions-, — hence  the  quan- 
tity of  clouds  and  rdin  where  . the  fun  is  vertical:^ — The 
^drying  quality  of  the  air  in  fpring,  and  the  rains  and  fogs 
in  winter ; for  fummer’s  warmth  affifts  in  filling  the  air 
with  water,  and  the  winter’s  cold  condenfes  and  brings  it 
down  in  high  latitudes  ; and  as  the' higher  regions  of  the 
air  are  cold,  and  thin,  little  alTemblages  of  particles  are  dif 
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crfed  throngli  the  air  and  form  clouds,  about  the  height  of 

the  mountains: The  winds,  and  th<jir  own  attradtion, 

aflift  this  j undlion — till  they  become  big  enough  to  precipi- 
tate in  a drop  of  rain:  If  the  drop  is  frozen  in  its  defeent, 
’it  falls  on  the  ground  an  hail-fonc : If  the  cloud  be  frozen, 
then  broken  fragments  of  it  defeend  in  flakes  offyiow.  Fogs 
in  an  evening  are  occafaoned  by  the  cold  condenfing  the 
vapours  new  raifed  from  the  ground  before  they  are  thus 
chemically  united  with  the, air. 
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LECTURE  Vi: 

HTDROSrAriCS. 


^^HlS  branch  of  plillofophy  treats  of  the  nature,  gra- 
^ vity,  prejjiire,  and  motion  of  fluids  in  general,  and  of 
weighing  folids  in  thena.  Water,  like  air,  confills  of  round 
and  hard  particles,  as  is, proved  by  putting  fait  in  water 
without  increafing  its  bulk,  by  round  pores  of  aquatic 
plants  and  the  Florentine  experiment,  which  forces  water 
thro’  the  pores  of  a copper  ball : Hence  ’tis  evident  there 
are  vacuities  in  fluids,  and  that  no  fluid  can  be  prelTed 
into  a lejs  /pace  than  it  naturally  poflTeflTes,  except  air  and 
fleam. 

Fluids  are  faid  to  be  perfeB  or  imperfeB,  as  their  parts 
Hide  with  more  or  lefs  eafe  over  one  another,  therefore^ 
quickfilver  is  the  mofl;  perfedl  of  all  fluids.  Water'beipg 
of  the  imperfcB  kind  is  feldom  pure:  It  adheres  to  any 

fubftance  it  meets  with,  mixes  with  its  particles,  and 
thence  becomes  inpregnated  with  whatever  flrata  it  runs 
over : If  water  has  any  thing  alkaline  in  it,  the  fyrup 
of  violets  turns  it  green  ; if  any  thing  acid,  the  fyrup  turns 
it  red-,  if  it  has  run  over  iron  flone,  or  iron  ore,  a folutloa 
of  galls  turns  it  black,  and  if  allum,  oil  of  tartar  turns  it 

thick,  8cc. Hence  water  impregnated  with  lime-ftone, 

and  ouflng  flow  amongft  molTes,  leaves,  &c. as  the 

water  evaporates,  the  ftoney  matter  adheres  to  thefe  fub- 
ftances,  and  aflfuming  their  fhapes,  gives  that  variety  of 

whimfical  petrefadlions  we  meet  with  in  Derbyfliire, 

the  dropping  well  at  Knarefborough,  &c. 

Water  being  incomprejjible  will  not  be  more  denfe  at  the 
bottom  than  the  top  of  the  fea;  but  will  have  the  wonder- 
ful property  of  prefling,  upwards  and  fideways,  as  forcibly 
as  downvjards,  in  proportion  to  \t%  perpendicular  height,  with- 
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6ut  any  regard  to  its  quantity ; for  as  each  particle  is  quite 
free  to  move  towards  that  part  on  which  the  preflure  is 
Icajt and  hence  no  particle  or  quantity  of  a fluid  can  be 
at  reft  till  it  is  every  way  equally  frrjjed.  A fluid  may 
therefore  be  conceived  as  made  up  of  perpendicular  columns 
of  par  tides  y and  as  divided  into  imaginary  furfaces  each  an 
inch  or  more  from  one  another,  the  loweft  prefled  with 
the  weight  of  all  the  reft,  &c.  hence  the  pipe  fixed  under 
the  mojl  furfaces  will  difcharge  the  mofi  water,  &c. 

To  prove  that  fluids  prefs  in  all  manner  of  ditedlions 
alike,  take  four  glafs  tubes,  open  at  both  ends,  but  bent 
into  all  kinds  of  angles ; if  thefe  be  put  in  water  nearly 
to  their  tops,  the  water  will  rife  in  them  to  its  own 
level.  Or  take  a veflTel  full  of  water,  with  a hole  at  the 
bottom  of  its  fde,  of  the  fame  fize  as  one  in  its  bottom,  and 
the  two  holes  will  be  found  to  difcharge  the  fame  quan- 
tity of  the  fluid  in  the  fame  time. 

That  fluids  prefs  in  proportion  to  their  depth,  with- 
out any  regard  to  their  quantity,  is  evident,  i.  From  a 
bladder  tied  flaccid  over  one  end  of  an  open  cylinder  of 
glafs;  if  water  he  poured  into  it,  the  bladder  will  bulge 
(downwards ; but  then  if  it  be  immerfed  in  a veflel  of 
water  till  the  furface  of  the  water  within  the  cylinder  be 
even  with  that  in  the  veflel,  the  bladder  will  then  be 
fattifh  as  if  it  were  not  prefled  at  all,  for  indeed  it  is  then 
prelTed  equally.  If  the  cylinder  be  plunged  deeper,  the 
bladder  will  be  prefled  upwards,  fhewing  that  bodies  fwim 
merely  by  the  force  of  the  pillars  of  water  under  them  en- 
deavouring to  rife  to  their  level.  2.  is  about  uptimes 
heavier  than  its  bulk  of  water ; if  therefore  a piece  be  held 
tight  to  the  mouth  of  a cylinder,  (open  at  both  ends)  by 
a firing  within  the  cylinder,  and  let  down  into  water 
above  1 1 times  its  th'icknefs,  the  firing  may  l>e  let  go, 
and  the  upward  preirme  of  the  water  will  hold  the  lead 
to  the  cylinder  ; but  if  the  cylinder  and  the  lead  be  raifed 
•till  the  lead  is  not  times  its  thicknefs  below  the  fur- 
face  of  the  water,  it  will  then  fall  of  and  fink.  3.  If 
^ cube  of  34  inches,  open  at  one  end,  and  filled  with  quick- 
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filver,  have  Its  open  end  Immerfed  in  a bafon  ofquickfilver, 
hung  fo  by  firings  that  it  may  be  let  down  into  a deep  vef* 
fel  of  water,  according  to  the  depth  the  veflel  is  funk,  the 
iPiercury  will  rife  a fourteenth  pari  in  the  tube,  and  demon- 
ilrate  that  quickfilver  is  fourteen  times  heavier  than  water. 
4.  If  lead  with  a flat  upper  fide  be  laid  on  the  bottom  of 
a veflel,  and  a piece  of  flat  wood  be  held  on  while  the 
yelTel  is  filling  with  water ; if  no  water  can  get  in  between 
the  lead  and  the  wood  to  form  an  upward  prejfurc,  the 
wood  will  be  held  on  the  lead  by  its  own  weight  and 
that  of  the  water  above  it.  5.  If  an  empty  hottle,  juft 
made  fo  heavy  as  to  fink  in  water,  be  corked,  and  luf- 
pended  at  one  end  of  a balance,  and,  with  its  cork  pulled 
out,  be  immerfed  in  water  and  filled,  it  will  require  as 
much  vjeight  in  the  oppofite  fcale  to  pull  it  up,  as  will 
weigh  all  the  water  in  it,  which  fhews  that  fluids  weigh 
juft  as  much  in  theix  own  element  as  out  of  it.  6.  If  a 
frnall  tube  30  inches  long,  open  at  both  ends,  and  to 
one  end  (bent  to  a right  angle)  it  has  a lo>'g{  bladder 
tied  ; if  then  the  bladder  be  put  in  a box,  and  a board 
be  laid  on  it  with  25  or  3olb.  weight  upon  it,  and  water 
be  poured  into  the  tube,  the  bladder  will  raife  the 
weights,  though  the  bore  of  the  tube  fhould  be  fo  finall 
as  not  to  hold  an  ounce  of  water.  7.  ^he  prejjurc  of  a • 
fluid  upon  the  bottoms  of  all  vejfels  whatever,  is  proportional 
to  their  bafes  and  perpendicular  height,  without  any  regard 
to  the  quantities  they  contain  ; for  if  on  a loofe  pifton 
fufpended  on  a balance,  a column  of  water  of  a foot  be 
weighed,  it  will  be  found  to  weigh  as  much  as  a column 
•of  water  of  the  fame  height,  though  contained  in  a flang- 
ing velTel  that  holds  ten  times  as  much.  8.  If  a fmall 
tubche.  joined  to  a very  large  one,  and  the  whole  be  bent 
in  the  bottom  fo  as  the  two  parts  may  be  either  parallel, 
or  make  angle,  water  may  be  poured  into  either  tube, 
and  it  will  juft  rife  as  high  in  the  other,  even  tho’  one 
fhould  cbntain  ten  thoufand  times  as  much  as  the  other 
ilocs  : This  alfo  fhews  that  fluids  prefs  in  proportion  to 
their  perpendicular  heights,  without  any  regard  to  their 
qu  .antities ; that  water  in  pipes  will  afeend  to  the  level  of  the 
Jpring  from  w-hence  it  came  j and  that  jets  or  fountains 
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would  rife  the  fame  height,  if  not  obftrufted  by  angular 
turnings,  and  the  rejijiance  of  the  air  into  which  they  play. 


Smoke  does  not  rife  into  air  bccaufe  of  its  pojitivc  levity, 
but  becaufe  it  is  lighter  than  the  air  where  it  is  produced  ; 
hence  if  the  fmall  neck  of  a bolthead,  full  of  water,  be 
mmerfed  in  a glafs  of  wine,  the  tighter  wine  will  afeend 
up  into  the  bolthead,  and  the  heavier  water  defeend  into 
the  glafs.  For  the  fame  reafon,  a body  fpcciftcally  (or 
bulk  for  bulk)  heavier  than  water. will  fjnk  in  it ; a body 
of  fame  weight  will  lie  indifferently  any  where  in  it ; 
and  one  fpecifically  lighter  will  of  courfe  fwim  in  it. 


Smoke  is  forced  up  a chimney  by  the  air  in  the  room, 

preffing  to  the  rarefied  air  in  the  chimney  ; hence,  the 

patent  ftoves,  contradfing  .the  fire-place,  obliges  the  air 
to  rufh  in  with  great  violence,  and  thereby  it  over- 
comes more  effe6lually  any  wind  that  forces  the  fmoke 

dovjn  the  chimney. Kitchen,  or  other  open  chim- 

nies,  are  very  liable  to  fmoke  with  winds  coming  , 
over,  or  bofoming  againji  a taller  houfe,  church,  tree,  , 

&c. becaufe  the  fmoke  rifing  very  flow  and  languidly 

by  its  fpecific  lightnefs  in  the  open  air,  or  wide  chim-  .i 
nies,  is  eafily  puffed  down  by  the  wind,  if  a ventilator  -j 
or  a feathered  covering  do  not  prevent  it.  1 

If  a flick  be  counterpoifed  on  a fcale-beam  by  water,  v 
and  after  that  immerfed  in  a veffel  full  of  water,  it  will 
caufe  fo  much  of  the  water  to  flow  over  the  brim  as  will  1 
be  fupplied  by  that  in  the  oppofite  fcale : Hence  it  is  J 
evident  a Jbip  difplaces  jufl  fo  much  water  in  the  fea  as  is  H 
equal  to  its  own  weight  and  cargo.:  And  hence  alio  the  dj 
Jirength  of  wood  judged  of;  for  if  a piece  of  oak  3 

of  a foot  long  be  immerfed  in  a narrow  vefl'el  of  water,  ■ 
it  will  be  found  to  fink  about  eight-tenths  of  its  length  ; « 
Beech  about  feven-tenths  ; Mahogany  feven-tenths,  &c.  ■} 

A [olid  body,  heavier  than  its  bulk  in  water,  will  lofe  | 
juji  fo  much  of  its  weight  when  fufpended  in  it,  as  its  bulk 
^ water  weighs  : But  the  weight  loji  by  the  folid  is  commu~  ^ 
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mated  to  the  fluid.  'Hence  if  the  weight  of  a body  in  air 
be  divided  by  what  it  iofes  in  a fluid,  the  C|aotient  will 
fliew  how  much  heavier  it  is  than  its  bulk  of  that  fluid, 
ov  its  fpccific  gravity.  By  this  trial,  pure  gold  is  found 
to  be  19,637  times  as  heavy  as  its  bulk  of  water;  Guinea 
gold  17)793  times  as  heavy  : ^uickfllver  14  times  ; 

Lead  11,325  times;  Standard  jilver  10,535:  Copper  9: 
Plate  brafs  8 ; Steel  7,85  ; Iron  7,645  ; and  block-tin  7,32. 
A cubic  inch  of  brafs  Iofes  233J,  grains  of  its  aerial 
weight  in  water  : In  proof  fpirits  it  Iofes  235  grains  ? 
therefore  a cubic  inch  of  water  weighs  2333-;  Jind  a 
cubic  inch  proof  fpirits  235  grains  ; And  the  fpecifle 
gravities  of  pure  fpiriti,  proof  fpirits,  and  water  are  as 
840,923  and  1000.  From  hence  may  be  conceived  the 
great  ufe  of  the  hydroftatic  balance. 

A pipe  fixed  four  times  as  deep  below  the  furface  of  a 
fluid  as  another  of  the  fame  diameter,  will  difeharge /wire 
as  much  in  the  fame  time ; if  nine  times  as  deep,  it  will 
difeharge  three  times  as  much,  &c.  agreeable  to  the  fejuare 
root  of  the  depth  : And  the  velocity  with  which  a fluid 
fpouts  at  any  depth  below  tlie  furface,  is  equal  to  that 
which  a body  let  fall  that  height  M ould  acquire.  Pipes 
a'lfo  difeharge  a fluid  (M'hen  placed  at  equal  depths 
below  the  furface)  agreeable  to  the  fquares  of  their  dia- 
meters, i.  e,  a pipe  tvaice  the  diameter  of  another  will 
difeharge  four  times  as  much  of  the  fluid,  in  the  fame 
time ; thrice  the  diameter,  nine  times  as  much ; four 
times  the  diameter,  flxteen  times  as  much,  &c.. 

The  prelTure  of  water  againfl:  banks,  the  fides  of  con- 
taining veflels,  &c.  is  in  the  proportion  of  falling  bodies, 
viz.  if  the  prefTure  againfl  the  firfl:  inch  deep  of  the 
vefTel  be  one  pound,  it  will  be  three  pounds  prefTure 
upon  the  inch  below  that  ; five  pounds  againfl  the 
inch  below  that  ; leven  pounds  againfl  the  inch  beloM'’, 
&.C.  fo  that  prefTure  againfl  banks,  flood-gates.  See.  is  as 
the  fquare  of  the  depth,  i.  e.  if  the  prefTure  be  one  pound 
againfl  the  uppermofl  inch,  it  will  be  four  pounds  againfl 
■two  inches  deep ; nine  pounds  againfl  three  inches  deep  ; 
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iixteeti  jJotmcfs  agilnft  four  Inches  deep ; twenty-fiVe 
pounds  againft  five  inches  deep,  &c. 

Fluids  prefs,  or  rejlji,  according  to  their  dcnjity,  and 
hence  a boat  will  carry  more  on  fait  than  frejh  water. 
iThe  hydrometer  fliews  this  very  perfe611y ; it  is  buoyed 
lip  by  fait  and  water  mixed  with  vinegar^  &c.  but  finks 
in  wine,  &c.  according  to  their  lightnefs,  and 

hence -it  is  ufed  for  trying  the  lightnefs  or  flrength  of 
liquors. 

\n 

A fyphon  a61s  agreeable  to  that  equal  Jiate  which  na- 
ture affe6i:s  through  all  her  operations ; it  will  not  run 
unlefs  the  height  of  water  in  the  outer  leg  be  greater 
than  that  of  the  inner  leg  above  the  water  in  which  it  is 
immerfed ; as  the  water  falls  thercf6re  from  the  outer 
leg,  it  will  make  a continued  'vacuum,  and  ef  courfe 
the  preffure  of  the  atmofphere  on  the  furface  of  the  water 
will  force  it  through  the  fyphon  in  a continued  ftream,  if 
kept  free  from  that  lodgment  of  air  which  fircquently 
takes  place  on  the  top  of  the  fyphon.  By  the  "Tantalus 
cup,  and  fountain  at  command,  the  eaufe  of  intermitting 
Jprings  is  explained  thus : 

Clouds,  being  attracted  by  the  mountains,  give  a con- 
tinued fupply  to  thofe  refervoirs  of  water  which  are  fre- 
quently found  in  the  bowels  of  mountains,  and  which 
Itipply  fprings  in  general : But  fhould  the  channel  from 
one  of  thefe  refervoirs, be  formed  like  a fyphon,  of  courfe 
the  fpring  which  proceeds  frOra  it  will  ebh  and  fow  like 
the  fea,  as  thofe  in  Derbyfliire,  Berkflrire,  &c. 

The  adlion  of  the  common  pump  depends  on  the  prejjure 
ef  the  atmofphere:  When  the  pifton  is  drawn  up,  the  co- 
lumn of  air  upon  it  is  alfo  lifted,  and  a vacuum  is  formed 
underneath  it,  the  prelTure  of  the  atmofphere  on  the  well 
will  then  force  the  water  up  the  pump  33  feet,  but  not 
higher;'  which  fliews  that  a column  of  water  of  that  height 
is  equal  to  the  weight  of  a column  of  air,  of  the  fame 
thickneft,  reaching  from  the.  earth’s  lurface  to  the  top 
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of  the  atmofphere.  Therefore  at  any  dlftance  above  the 
fiirface  of  the  well  lefs  than  33  feet  the  pifton  w^ill  work, 
and  water  from  thence  may  be  lifted  to  any  height  what- 
ever, if  the  pump  be  Ifrong  enough.  In  a forcing  pump^ 
the  piilon  is  a Jolid plunger’,  it  raifes  the  water  above  the 
fucking-valve  as  in  the  lull,  but  Avhen  the  plunger  de- 
fcends  (as  the  water  cannot  return  through  the  valve 
back  again)  it  forces  it  into  a larger  air  veffel  which  com- 
municates with  the  body  of  the  pump  above  the  fucking- 
valve  ; and  as  by  this  force  the  air  in  the  veffel  becomes 
condenfed,  its  re-a£lion  on  the  water  caufes  it  to  flow 
through  a fmall  pipe  in  a continued  ftream.  The  engine 
for  extinguifhing  fires  confifts  of  two  fuch  forcing  pumps, 
with  their  air  veffels. 

f - 

The  lifting  pump  can  only  be  ufed  in  deep  water,  as  its 
piflon  is  wmrked  by  a rod  going  in  at  its  bottom,  and  faft- 
ened  to  a frame  coming  up  each  fide  of  the  pump;  This 
pifton  has  a valve  opening  upward,  and  it  works  below 
the  furface  of  the  water  in  which  the  pump  is  immerfed, 
and  thence  has  no  occalion  for  the  air’s  preffure,  or  a 
Jucking-val\'^.  This  pump  is  generally  equipt  with  an  air 
veffel  as  the  laft.  On  this  principle  engines  are  made  for 
railing  water  above  the  level  of  rivers  or  fprings,  as  at 
Marli ; but  if  three  pumps  are  worked  in  any  engine  by 
' a triple  crank,  and  all  of  them  throw  their  water  into  one 
pipe,  there  is  no  occafion  for  an  air  veffel,  becaufe  there 
will  be  always  one  or  other  of  the  piftons  ailing,  fo  as  to 
force  the  water  out  in  a regular  ftream.  ' 

Archimedes'  ferew  pump  raifes  water  by  its  endeavour  to 
fall — ’tis  three  or  four  hollow  threads  of  a ferew  wmund 
round  a folid  cylinder;  if  muft  rife  out  of  the  water 
floping,  fo  as  the  threads  may  all  incline  downwards ; 

I then,  w'hen  ’tis  turned  round,  water  will  rife  in  it,  but 
to  no  great  height. 

The  upright  cylindrical  mill,  by  Dr.  Baker,  is  a tall  tube 
of  wood  or  metal,  twenty  feet  high,  and  about  five  inches  * 
diameter;  it  ftands  on  a point  perpendicular,  and  has  as  to 
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its  bottom  two  or  more  horizontal  arms,  or  tubes,  fixed, 
of  about  fix  feet  long,  communicating  with  the  upright, 
tube,  and  perforated  with  holes,  one  in  each  arm  ana  on 
the  fame  fide  in  each ; through  thefe  holes  the  water  which 
flows  in  at  top  fpouts  out,  and  by  giving  a pufh  to  the  air, 
and  preventing  the  water’s  prelTure  on  that  fide  the  arm, 
forces  the  whole  machine  round,  and  carries  a pair  of 
Hones  at  top,  or  pumps,  or  any  thing  elfe  capable  of  be- 
ing moved  by  a circular  motion. 

\ 

The  bucket  engine,  for  rafing  water  by  pumps  out  of 
mines,  &c.  is  well  calculated  for  fituations  where  the 
ftream  that  carries  it  has  three  yards  of  fall,  and  is  too 
fmall  to  carry  a wheel:  The  bucket  hangs  on  one  end  of 
a beam  like  that  of  a fire  engine  ; and  at  half  the  diftance 
from  thence  to  the  fulcrum  hangs  the  pump  rods  ; on 
the  other  end  of  the  beam  hangs  a counterpoife,  rather 
heavier  than  the  empty  bucket,  and  a column  of  water 
on  the  pifton ; but  when  the  bucket  is  filled  by  the 
ftream,  it  is  heavier  and  defeends ; the  bucket  hangs  on 
centres  a little  on  one  fide  its  centre  of  gravity,  fo  that 
one  fide  is  heavier  when  empty,  and  the  ot^er  wdien  full,  • 
and  being  unlocked  by  its  defeent,  its  unequal  poife  turns  . 
and  empties  it,  and  then  it  afeend?  and  opens  a valve 
which  again  lets  the  ftream  into  it,  and  makes  it  defeend 
again.  This  motion  works  the  pumps. 

7u!0  forcmgjmmps,  for  fupplying  houfes  with  water, 
are  alfo  worked  by  an  engine  of  fimilar  principles,  but 
with  ftill  greater  fimplicity  : A beam  inclining  downwards 
to  eacii  end  from  the  center  on  which  it  hangs,  has  a; 
trougli  cut  in  it,  from  a divifion  in  the  middle  down  to» 
each  end,  where  buckets  are  fixed  for  receiving  the  water 
that  works  it,  and  which  flows  into  the  trough,  firft  on; 
one  fide  the  divifion  and  then  on  the  other,  as  the  ends, 
rife  and  fall : When  one  bucket  defeends,  the  valve  in  its- 
bottom  falls  on  the  pin,  which  opens  it,  and  lets  out  the. 
watcr ; mean  while  the  ftream  is  filling  the  other  bucket, . 
which,  when  full,  defeends  in  like  manner,  and  each  end'* 
. works  a forcing  pump.  * 
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The  centrifugal  machine  claims  ftill  greater  merit  as  to 
its  fimplicity ; its  fhape  is  like  the  letter  T,  ’tis  hollow 
throughout,  and  its  three  ends  are  open:  When  the 

loweft  end  is  immerfed  in  water,  and  it  is  whirled 
round  on  that  end,  the  air  in  the  arms' will  be  partly 
thrown  out  by  the  centrifugal  force,  and  confequently  the 
preffure  of  the  atmofphere  on  the  furface  of  the  water 
into  which  it  is  immerfed  will  force  it  up  the  tube  and 
throw  it  out  at  the  arms  ; hence  a continued  vacuum  is 
made,  and  of  courfe  a continued  llream  thrown  out.  The 
perpendicular  tube  mull:  not  be  above  33  feet  high,  for 
reafons  already  given.  Two  men  will  difeharge  near 
three  times  as  much  water  with  this  machine,  in  the 
fame  time,  as  with  any  pump  yet  Uivented. 

Several  Models  to  Jhevj  how  a Ship  may  pump  herfelf. 

The  fire  (or  rather  fleam)  engine  is  one  of  the  noblefl 
prefents  that  art  has  made  to  the  neceffities  of  mankind  ! 
When  the  particles  of  water  are  feparated  by  fire,  they 
compofe  an  elajiic  vapour,  called  fleam ; this  vapour  is 
capable  of  occupying  14,000  times  the  [pace  it  did  in 
its  Hate  of  cold  water ; ’tis  of  force  fufficient  to  drive 
away  the  air,  and  it  may  be  condenfed,  or  brought 
back  to  water  again  by  cold.  Hence  a long  hollow 
cylinder  of  iron  communicates  with  a huge  'and  clofe 
boiler,  half  filled  with  water,  by  a neck  which  can  be 
opened  or  fhut  by  a Hiding  valve  called  a regidator':  The 
cylinder  is  exadlly  filled  by  a pflon  made  air-tight,  that 
hangs  on  one  end  of  a beam  of  timber  about  20  feet  long, 

I and  fufpended  on  a centre  like  a fcale-beam  ; at  the  other 
end  of  the  beam  hang  the  rods  which  work  the  pumps  in  ‘ 
ihe  bottom  of  the  mine,  and  throw  up  a part  of  the  water 
into  a refervoir  on  the  top  of  the  building:  From  this 
refervoir  there  comes  a pipe  under  and  through  the  bot- 
tom of  the  cylinder,  that  by  opening  the  cock  (called  the 
' inje/dion  cock)  plays  p jet  of  cold  water  into  the  cylinder  to 
condenfe  the  fleam  ; after  which  this  water  falls  througli 

I a pipe  (with  a valve  opening  outward)  and  forms  the  hot- 
wellj  Another  pipe  alfo,  with  a valve  outward,  called 
the  fnifted  valve,  is  fixed  near  the  bottom  of  the  cylinder, 
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aijid  fcrves  to  let  out  the  air  or  fleam  without  letting  It 
return.  The  regulator  or  irijeition  cock  are  alternately 
opened  and  fhut  by  a piece  of  timber  hanging  from  the 
large  beam ; and  a Itre’am  is  let  into  the  holler,  or  flopped, 
by  a floating  cop].>er  ball  in  the  boiler  that  regulates  the 
height  ol  the  water.  If  now  a large  fire  be  put  under  the 
boiler,  and  the  fleam  let  into  the  cylinder  by  opening  the 
regulator,  it  will  drive  out  the  air,  and  poflefs  the  fpace 
itfelf ; but  fo  foon  as  the  injcSlion  cock  is  opened,  a jet  of 
cpld  -jcater  will  play  into  the  fleam  in  the  cylinder,  and 
condenfe  it  into  a few  drops ; hence  a vacuum  is  formed  in 
the  cylinder,  and  the  prcOiire  of  the  atmofphere  on  the  piflort 
■vyill  force  it  down  to  the  bottom  of  it ; the  fleam  then  being 
let  in  again  will  counteraiSl  the  air’s  preflTure,  and  with  the 
weight  of  the  pump  rods  on  the  oppofite  end  of  the  beam, 
bring  up  the  piflon  to  the  top  <)f  the  cylinder.  This  adtion 
is  Ycpo-dLlcA.  fourteen  ox  fixteen  times  in  a minute,  and  works 
the  pump  in  the  mine.  As  the  fridlion  of  this  machint? 
is  very  great,  inftead  of  reckoning  i^lb.  prelTurc  on  every 
fquarc  inch  on  the  piflon,  8 lb.  will  be  found  nearer.  If 
then  the  weight  of  a column  of  water,  the  depth  of  the 
mine,  and  the  diameter  of  the  pump  be  calculated,  the 
ncceffiiry  diameter  of  the  cylinder  will  be  cafily  found, 

The  fire  engine  with  the  inverted  pifion  fpares  the  expence 
of  hoxfi  et  beam  and  building-,  the  cylinder,  with  its  open 
end  downwards,  flands  over  the  pit  or  fhaft  ot  the  mine, 
the  boiler  flands  by  its  fide,  the  injection  well  above  it,  and 
to  its  pifion  the  pump  rqds  are  faflened.^  The  regulator  (of 
great  f mplicity)  is  the  injcBion  cock  alio.  hen  the  fleam 
IS  let  in  at  the  top  of  the  cylinder,  ancl  condenfed  by  the 
■injedlion  water,  the  upward  prelfure  ot  the,  atinolphere 
forces  the  piflon  from  the  bottom  to  the  top  of  the  cylinder, 
and  the  weight  ot  the  rods,  and  flrength  of  the  flcair^ 
force  it  back  again.  This  motion  works  the  pumps. 

The  cold  water  vacuum  wWX  do  this  bufnefs  with  ftill 
lefs  mochinerv  and  expence,  where  the  watci  that  works  it 
has  a fall  of  40  feet.  With  the  bottom  of  the  cylinder 
there  communicates  a pcrpcndicuLir  wide  pipe  of  33  tcct 
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long,  having  a regulator  at  its  bottom,  ami  another  at 
its  top.  The  pifton  and  beam  are  the  fame  as  in  the 
common  fire  engine.  The  water  being  let  in  at  the  bot- 
tom of  the  cylinder  will  fill  both  the  cylinder  and  the  pipe 
below  it ; if  then  the  regulator  at  the  bottom  be  opened, 
the  water  will  defeend  out  of  the  cylinder.,  but  not  out  of 
the  pipe,  becaufe  it  is  then  but  a coimterpoife  for  the  atmof 
pherc : Thus  a vacuum  is  formed  in  the  cylinder,  and  the 
piflon  will  defeend  and  fhut  the  upper  regulator;  but 
when  it  reaches  the  bottom,  it  opens  again,  and  as  the 
cylinder  fills,  the  pifton  rifes.  Thus  a<ftion  is  given  to  the 
beam  , and  water  applied  in  this  way  is  perhaps  a more 
powerful  agent  than  it  is  in  any  other.  — N.  B.  For  ought  X 
know,  thefe  two  engines  are  new,  and  unknown  to  the  public. 


Watts’  and  Boulton’s  ftcam  engine  condenfes  the  fteam, 
without  cooling  the  cylinder  by  a jet  of  cold  water,  and 
thereby  faves  fuel.  The  fteam  is  produced  in  a boiler  as 
ufual  — it  pafles  into  a double  cylinder,  and  forces  down 
rbe  pifton  by  its  elafticity,  for  the  rod  of  the  cylinder 
works  through  a collar  of  leathers,  and  therefore  the 
preffiire  of  the  atmofphere  has  nothing  to  do  in  this 
engine.  When  the  pifton  is  at  the  bottom  of  the  cylinder, 
the  fteam-cock  opens,  and  by  the  double  cylinder,  fteam 
enters  both  above  and  below  the  pifton,  fo  that  it  rifes 
in  ftagnate  fteam  by  the  weight  of  the  pump  rods  afting 
on  the  oppofite  end  of  the  large  beam.  When  the  pifton 
arrives  at  the  top  of  the  cylinder,  a cock  opens  that 
communicates  with  a vacuum  formed  in  a pond  of  cold 
water;  this  draws  the  fteam  from  under  the  pifton  in  a 
moft  perfedf  manner;  and  leaves  the  pifton  liable  to  the 
preflure  of  the  fteam  upon  its  top  : and  as  fteam  may 
be  made  of  much  ftronger  prefTure  than  the  atmofphere, 
this  engine  is ' proportionably  more  pow'erful  than  the 
common  engine. 


Fhcfe,  and  many  other  hydraulic  machines  for  various 
plirpofcs,  arc  too  cumbrous  to  be  removed  from  the  Jlationary 
fidturc-room. 
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LECTURE  VII. 
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■pLECTRICITY  and  phlogijion,  having  many  pro- 
perties  alike,  many  think  them  only  modincations 
of  the  fame  principle.  Iron  lofing  its  phlogifton  by 
vitriolic  acid,  lofes  by  the  fame  procefs  its  eleftricity  ; 
proved  by  infulating  the  procefs,  when  a wire  commu- 
nicating with  the  efrervefcing  mixture,  will  betray  figns 
of  negative  eledlricity.  This  moft  fubtil  fluid,  feems 
more  or  lefs  inherent  in  all  matter — but  fome  bodies 
condu6l  or  tranfmit  it,  whilft  others  flop  its  progrels 
from  one  body  to  another.  Glafs,  hair,  filk  and  gums 
are  non-conduilors,  and  called  elc£iries  : but  metals,  water, 
green  wood,  and  moft  animal  and  'vegetable  fubftances 
are  conductors,  and  are  called  non- clc dries,  i.  If  a long 
tube  of  glafs  be  rubbed  with  warm  filk,  an  atmof- 
phere  of  this  fire  will  be  formed  all  round  it,  and  if  a 
finger  approachesthe  tube,  the  fire  will  come  vifibly  off 
the  tube  into  the  finger  with  a fnap  : The  reafon  is,  the 
fridlion  collefts  the  fire,  from  the  earth  (its  grand  refer- 
voir)  and  the  fpark  is  the  effort  it  makes  to  difperfe  itfelf 
again,  and  thereby  feftore  its  equilibrium.  2.  If  the  fame 
tube  eledlrified,  approaches,  a feather  hung  by  a filk  thread 
it  will  attrad  the  feather  once,  but  if  held  to  it  again 
will  repel  it.  The  filk  will  not  condu6l  the  eledlric 
fire ; the  equilibrum  is  therefore  effedled  between  the 
tube  and  the  feather  on  the  firft  approach  ; on  the  fecond, 
the  atmofphere  of  the  tube  prefling  on  that  of  the  feather 
drives  the  feather  from  it,  (for  two  bodies  pofTeffed  of  the 
fame  eledlricity  univerfally  repel  one  another;)  but  ifthe 
feather  be  fufpended  by  a flaxen  thread,  the  eledlrified 
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txibe  will  always  attraft  it,  becaufe  the  fire  can  make  its 
efcape  up  the  thread,  and  thereby  leave  a continued 
inequality  between  them.  A large  globe  or  cylinder  of  glafs, 
with  a bajtl-jkln  cujhion  covered  with  an  amalgama  of 
quickfilver  and  tinfoil,  or  zink,  or  aurum  mofaicum 
fpread  on  black  filk,  faturated  with  mercurial  ointment, 
to  produce  the  fridtion  ; a prime  conduBor  to  take  ofF  the 
elehric  atmofphere  from  the  glafs,  and  depofit  it  in  a 
gtafs  receiver  covered  in  and  outfide  with  tinfoil  to 
within  two  inches  of  the  top,  and  a wheel  to  put  the 
cylinder  in  motion,  is  called  the  electric  machine^  or  fire 
pump.  An  eledlric  machine  of  great  power  is  alfo 
made  of  oil’d  or  gum’d  filk  drawn  between  rubbers 
of  cat’s-lkin  with  the  fur  on.  When  a machine  is  put 
in  motion,  it  difturbs  the  equilibrium  of  the  electric  fire 
- about  it,  and  from  thence  the  whole  of  its  phaeno- 
mena  proceed,  as  may  be  proved  by  experiment,  i.  If  a 
perfon  touch  the  eledirified  condudlor,  the  fire  will  efcape 
from  it  tlirough  the  perfon  into  the  ground  with  a 
flafh  and  report.  2.  If  any  number  of  perfons  take 
hands,  and  the  firft  perfon  holds  a chain  which  commu- 
nicates with  the  outfide  of  the  receiver,  and  the  lalt  perfon 
touches  the  communication  with  the  infide  when  the 
phial  is  charged,  the  fire  will  reftore  itfelf  through  all  the 
company  at  the  fame  inftant,  giving  each  a fevere  fhock 
at  the  wrifts  and  elbows,  in  its  paffage  back  again  to  the 
outfide  of  th'e  phial.  3.  If  a perfon  ftands  on  a ftool  with 
glafs  feet,  and  holds  a chain  faftened  to  a condudlor,  on 
turning  the  machine,  and  touching  him,  fparks  may  be 
brought  out  of  every  part  of  his  perfon  and  cloaths,  and 
if  he  touch  warm  fpirits  or  gunpowder  with  his  finger, 
they  will  take  fire ; which  lliews  that  the  eledlric  fire  is 
chiefly  pumped  from  the  earth,  and  cannot  return  to  it 
again  through  glafs.  4.  If  a ball  be  hung  on  the  con- 
dudlor,  and  a plate  of  bran  or  leaf  gold  be  placed  under 
it,  on  eledlrifying  the  ball,  the  bran  will  be  alternately 
attradled  to  and  repSlled  from  it  in  a beautiful  fliower 
here,  the  particles  of  the  bran  are  carriers  as  it  were  of 
tJie  eledlric  fire  from  the  ball  to  the  plate : And  if  two 
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hclh  be  hung  on  the  condudlor,  one  by  a flaxen  thread, 
and  the  other  by  a filk  thread,  (having  from  it  a chain 
to  the  table  ) if  a fmall  dapper  be  hung  between  them 
on  a hlk  thread,  it  will  carry  the  fire  from  one  to  another 
and  thereby  ring  both.  5.  Ekdrified  feathers  fpread  out 
their  threads  radiently  ; if  a round  body  be  held  to  them 
they  cling  to  it  and  depofit  their  fire ; but  if  a point  be 
held  near  them  they  llirink  at  once ; hence  the  reafon 
why  the  wire  condudfors  rifing  from  the  ground  above 
the  tops  of  houfes,  terminate  in  points  to  receive  with 
more  eafe  the  lightning  from  the  clouds,  and  thereby  pre- 
vent its ' mifehief.  6.  If  wires  fixed  like  the  fpokes  of 
a wheel  be  fufpended  on  their  center,  with  their  points 
bent  all  the  lame  way,  and  in  the  plane  of  the  circle  ; on 
being  eledirified,  the  effluvia  flowing  from  the  points  will 
ftrike  fo  forcibly  upon  the  air  as  to  force  the  wheel  round 
with  great  rapidity ; Hence  a fimply  and  pleafingeledfric 
orrery  is  put  in  motion,  -and  various  mills  and  other 
devices.  7.  fFatcr  and  [alt  (like  the  cylinder  and  cufliion) 
will  colledf  the  elc6fric  fire  when  put  in  motion  ; for  one 
is  an  cledric,  and  the  other  a non-clcdric  body  ; hence 
the  fea  itfelf  becomes  as  it  were  an  huge  clcdncal  machine 
when  violentlv  agitated  by  winds,  colledfing  on  its  trou- 
bled furface  the  lire  from  beneath,  and  looking  in  the 
flight  as  if  it  W'as  all  in  flames.  Clouds  railed  from  a 
fea  fo  circumflanccd,  mufl:  needs  contain  more  of  the 
cledfric  fire  than  clouds  raifed  from  the  land,  or  calm 
fea;  if  therefore  two  clouds  meet,  fraught  with  unequal 
portions  of  this  fire,  the  cloud  more  eledf  rifled  will  depofit 
its  abundance  in  the  cloud  Icfs  eledlrified,  and  with  a flalli 
of  lightning  reftore  the  equilibrium  ; this  fire  driving 
to  a diftance  the  air  that  furrounds  it  — the  ftroke  formed 
by  the  return  of  that  air  is  thunder,  borne  think 
putrid  fifli,  others  animalcula,  or  an  call  wind, 
the  caufe  of  the  luminous  appearance  of  the  fea.  If  a 
cloud  attradfed  bv  a neighbouring  mountain  contains 
more  elecStric  fire  tlian  the  mountain,  the  lightning  wdl 
dart  from  the  cloud  to  the  mountain  and  vice  vcisa  ; 
hence  if  an  eledlric  cloiid  comes  too  near  a tower,  tree. 
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hoyfc,  i^c.  and  they  are  not  wet,  the  fire  will  defeend 
on  them  in  an  effort  to  reftore  tlie  equipoife,  and  if 
greatly  obftrufled  in  its  paffiige  to  the  earth,  will  perhaps 
break  them  all  to  pieces  ; to  (land  under  a tree  or  filed,  is 
therefore  dangerous  in  a thunder  fiorm ; and  fiievvs  alio  the 
extreme  utility  of  having  a wire  from  the  top  of  any  tall 
building,  down  which  the  equlibrium  will  be  refiored 
withoutdanger;  and  if  the  wife  does  not  touch  the  ground, 
a finger  at  that  time  applied  to  the  wire,  will  receive  the 
ele^Iric  flajh  much  fironger  than  by  a machine.  A 'kite 
lent  up  into  the  thunder-cloud  by  a wire,  having  a key 
tied  to  its  end,  and  held  by  a filk  ribband,  will  extraA 
the  fire  frtim  the  cloud ; it  will  come  down  the  wire, 
and  fi.re.im  off  the  key  to  the  ground  in  a beautiful,  but 
alarming  torrent  of  fife. 

’Tis  thus,  by  weight  and  meafure,  the  Almighty 
has  appointed  felf-phyfic  for  the  diforders  of  his  works  ! 

If  a capillary  fyphon  be  made  to  decant  water,  it  will 
fall  from  it  in  fmall  drops,  but  if  the  water  be  electrified 
it  flows  from  the  fyphon  in  a f'JJtft  Jiream.  Hence  ’tis 
found  that  a perfon  pofitively  elefirificd,  (/'.  e.  having  more 
eleCtric  fire  thrown  into  him  than  his  natural  quantity, 
by  ffandlng  on  a cake  of  wax,  or  a glafs-footed  ftool, 
and  touching  an  eleCtrified  conductor)  has  his 
_ celeratcd.  This  acceleration  has  been  found  of  great 
lervice  in  objiruiiions,  rhcumatifms,  palfics,  l^c.  and  the 
eletlrical  Jhock  has  been  Hill  more^fuccefsful  in  removing 
paralytic  complaints,  dcafnefs,  tooth-ach,  numbncfs,  l£c.  Sparks 
drawn  from  chilblains,  fwellings,  hcc.  have  a great  eifieCt, 
and  the  aura  from  a wooden  point  has  difperfed  the  cataraCl 
of  the  eye. 

^he  eleilriced  Jluid  always  goes  the  tiedreft,  and  chufes 
the  beji  condu£iors.  A chain  hung  on  a wall,  and  made 
part  of  the  circuit  from  the  in  to  the  outjide  of  the  charged 
Leyden  vial,  Is  luminous  when  the  vial  is  dlfcharged, 
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and  fhews  the  road  taken  by  the  elefkrical  fluid ; but  if  a 
llraight  wire  touch  the  two  ends  of.  the  chain  the  chain 
will  not  be  luminous,  for  the  fluid  will  run  invifibly  thro’ 
the  wire,  as  being  the  nearer  road.  If  the  wire  be  then 
removed,  and  a flick  put  into  its  place,  the  chain  again 
becomes  luminous  in  the  difcharge,  as  the  fluid  will  rather 
go  a longer  diflance  than  pafs  thro’  a bad  condudlor. 

^he  eleilrical  fluid  poured  on  the  inflde  coating  of  a Leyden 
•vial,  propels  an  equal  quantity  from  the  outflde,  l . The  out- 
flde  coating  of  a vial  being  pieces  of  tinfoil  not  touch- 
ing one  another,  the  fire  will  be  feen  darting  from  one 
piece  to  another,  till  the  charge  is  compleated ; when 
difeharged  the  fluid  will  return,  and  make  the  whole 
outflde  luminous.  2.  A bottle,  coated  on  both  fldes, 
having  a cap  cemented  on  its  neck,  with  a valve,  and 
from  that  cap  a pointed  wire  going  flraight  into  the  bot- 
tle ; If  this  bottle  be  exhaufled  of  its  air,  (but  not  to  a 
vacuum)  it  will  be  found  a good  conduflor;  and  when 
the  cap  is  held  to  the  prime  conduftor,  flames  like 
the  Aurora  borealis  will  iffue  from  the  point  of  the  wire 

to  the  inflde  coating,  and  charge  it ; but  while  an  im- 

perfedl  communication  is  made  between  the  negative  out- 
flde and  the  pofltive  inflde,  the  point  receives  the  fluid, 
and  exhibits  only  a flar  on  its  point ; — Hence  a receiving 
point  always  exhibits  a flar  and  a delivering  point  flames 
in  an  impdrfedf  vacuum.  Ratified  air  being  fo  good  a 
condudfor,  may  not  the  fun’s  heat  and  the  great  centri- 
fugal motion  of  the  equatorial  parts  of  the  earth,  make 
the  air  there  fo  thin,  as  to  become  a cOndudfor  of  that 
eledtric  matter  of  which  the  earth  is  the  known  refer- 
voir?  and  being  thus  tlirown  up  into  the  upper  regions 
of  the  atmofphere,  may  it  not  make  its  way  towards 
the  poles,  where  the  fmall  degree  of  centrifugal  force  is 
friendly  to  its  reception  ? Aiming  therefore  at  a point, 
may  it  not  be  fo  far  concentrated  and  condenfed,  as  to 
become  vifible,  and  make  thofe  radient  corrufeations  we 
call  flreamers?  for  eledlric  matter  flreaming  through 
higlily  rarefied  air  exhibits  the  very  fame  appearance. 
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3.  On  the  cover  of  a large  Leyden  jar,  fix  a fmaller 

jar,  fo  that  the  outjide  coating  of  the  fmall  jar  may 
have  a metallic  communication  with  the  tnjide  coating 
of  the  larger ; the  outfide  coating  of  the  fmall  jar  be- 

comes a conduftor  to  the  infide  of  the  big  one,  when 
held  to  an  excited  prime  condudfor ; if  when  charged, 
one  knob  of  the  difeharging  rod  be  applied  to  the  ne- 
gative fide  of  the  large  jar,  and  the  other  applied  to  the 
knob  communicating  with  the  infide  of  the  fmall  jar, 
a flafh  will  iffue  from  the  conta6l  (being  the  natural 
eleftricity  of  the  infide  coating  of  the  fmall  jar)  and  by 
which  the  equilibrium  of  its  two  fides  becomes  deftroyed. 
Eledfricity  will  then  rife  from  the  infide  of  the  large 
jar  upon  the  outfide  of  the  fmall  one.  This  balance  is 
again  reflored  by  forming  a metallic  communication 
between  the  in,  and  outjide  coatings  of  the  fmall 
jar.  By  repeating  thefe  twenty  or  thirty  times,  the 
whole  charge  of  the  lower  jar  will  be  taken  piecemeal 
out ; and  prove  that  what  eledlrlcity  is  poured  on  one 
coating  of  a jar  propels  a like  quantity  from  the  other. 

4.  If  a rod  of  wire,  18  inches  long,  having  a light  knob 
at  each  end,  and  fufpended  on  an  infulated  point,  be 
placed  fo  between  the  knob  of  a charged  jar  and  a metal 
pillar,  that  when  one  knob  touches  the  pillar,  the  other 
may  be  fix  inches  from  that  of  the  jar,  then  will  the  rod 
vibrate  between  the  jar  and  the  pillar,  taking  out  the 
eledlricity  fo  by  little  and  little  as  to  acquire  ten  mi- 
nutes to  compleat  the  difeharge.  5.  If  a Leyden  vial 
be  charged  on  an  infulated  ftool,  having  two  pith  balls 

.hanging  by  fine  threads  projedfing  from  its  in  and  outfide 
coatings,  the  balls  communicating  with  the  pofitive  coat- 
ing will  feparate  ; if  then  a finger  touch  the  wire  on 

. which  they  hang,  thefe  balls  will  clofe,  and  thofe  will 
open  which  communicate  with  the  negative  coating ; 
touch  that  wire  and  the  negative  balls  clofe,  and  the 
poJitive  h^Xh  open,  &c.  for  an  amazing  number  of  times  ! 
fliewing,  that  though  glafs  will  not  condudl  eledfricity, 
the  eledlric  influence  can  operate  through  the  thicknefs 
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of  glafs.  6.  To  fuperinduce  eleftncity  on  a Ipofe  coat- 
ing laid  on  plate-glafs,  touching  the  coating-  with  the 
knob  of  a charged  vial,  then  fliake  off  the  coating,  and 
clap  an  ihfulated  metal  plate  on  the  place,  touching  it 
at  the  time  of  contadl;,  then  lift  up  the  plate,  and  it 
ayill  give  a fpark  to  the  knuckle ; place  it  bn  the  glafs 
again,  and  touch  and  remove  it  as  before,  and  it  will 
' give  another  fpark,  and  continue  to  do  fo  as  long  as  the 
apparatus  is  kept  clean  and  dry ; making  perpetual  elec- 
tricity, by  which  vials  may  be  charged,  inflammable 
air  guns  fired,  &c.-— — N.  B.  The, plate  of  glafs  muff 
have  a fixed  coating  on  the  oppofite  fide  to  the  loofe 
one,  and  of  the  fame  fize.  This  apparatus  is  called 
EleBrophorus  \ and  often  Inflead  of  glafs,  a plate  is  made 
of  fulphur,  fhell-lac,  rofin,  &c.  To  prove  that  the 
natural  eledfricity  of  bodies  may  be  difturbed  by  the  near 
approach  of  excited  eleblrics,  let  two  projecting  arms 
of  infulated  wood  have  flips  of  tinfoil  glued  on  them  ' 
from  end  to  end,  and  pith  balls  hanging  from  one  end 
of  each ; if  the  two  arms  be  placed  in  a line,  with  the 
ball  end  of  one  touching  the  end  without  balls  of  the 
other,  and  an  excited  eleCtric  be  held  within  an  inch 
of  the  end  without  balls,  then  will  all  the  four  balls 
part — —at  that  inftant,  if  one  ftand  be  feparated  from 
the  other,  the  balls  of  one  will  be  found  in  a nega- 
tive and  the  other  in  a pofitive  flate,  the  ball?  farthefl: 
diflant  from  the  excited  eleCtric  will  be  in  the  fame 
flate  as  the  eleClric,  and  of  courfe  repelled  by  it;  the 
nearefl  attraCled,  6cc.  Hence  vif  any  part  of  an  eleClri- 
cal  cloud  comes  near  the  earth,  it  will  diflurb  the 
pleClricity  in  the  earth,  and  drive  it  away  ; but  if  any 
other  part  of  the  cloud  conies  within  the  flriking  diftance 
of  any  conduClor  to  the  earth, — the  cloud  will  be  dif- 
charged,  and.  the  difturbed  eleClricity  will  return  with 
a force  that  frequently  proves  fatal  to  animals  in  its 
.way.  ' ‘ ^ . 

Eleflricity  \s  applied  to  inflamed  eyes,- tumours,  by  a 
chain  coming  from  the  prime  conduClor  ending  in  a point; 
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of  hard  wood ; the  point  is  held  near  the  part  by  a glafs 
handle,  and  an  aura  iflues  from  it  on  the  fore,  that  often 
performs  a cure.  2.  Paialyfic  and  rheumatic  patients  are 
. relieved  by  fliocks  fent  through  the  fide  atfedfed.  3.  Ob- 
ftru6lions  are  often  cured  in  the  female 'fex  by  pofitivc 
eledlrification,  /.  e.  by  placing  the  patient  on  an  infulated  ' 
ilool,  communicating  with  the  prime  conductor,  and 
keeping  her  eledlrified  for  half  an  hour  together,  bcca- 
fionaily  drawing  fparks  from  her. 
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LECTURE  IX. 


OPTICS. 

V 

t 

Hail  holy  light ! Offspring  of  heaven  ! Flrji  lorn  ! 

' Or  of  tV  eternal  coeternal  learn  ; 

May  I exprefs  thee  unblam'  df Mil  TON. 

This  modejly  of  the  poet  becomes  the  dignity  of 

fo  divine  a fubjedl. is  the  bleffing  which 

gives  poignancy  to  all  others, therefore  the  fcience 

of  optics,  which  immediately  treats  of  it,  muft  refleft 
part  of  its  luftre  and  importance.  Plato  defines  light, 

“ a rare  and  fuhtil  fame and  perhaps  it  is  but  diluted 
or  very  rare  phlogifton,  or  flame  ui  a ftate  of  great 
thinnefs  or  rarefadlion.  May  it  not  be  the  inflammable 
principle  perpetually  let  loofe  from  the  fun,  and  occa- 

fionally  from  other  luminous  bodies  ? May  not  thefe 

phlogiftic  particles  flowing  from  the  fun,  enter  into 
the  texture  of  other  bodies,  give  them  the  power  of 
inflammability,  and  become  fixt  in  them,  till  let  lome 
bv  the  contaft  of  bodies  in  aftual  inflammation  ? — -Ur 
finally,  that  the  concreted  rays  of  the  fun  in  bodies 
having*  afinity  with  them,  may  give  them  the  power 
of  inflammability  univerfally,  and , that  col^our  in  bo- 
dies may  arife  from  a chemical  rejedlion  of  the  colour  , 
reflefted  to  the  eye,  while  all  the  reft  are  abforbed 
into  the  body?  Some  believe  light  to  exift  even  m 
the  ahfence  of  a luminous  body,  and  that  it  is  only  a 
luminous  body  that  puts  it  in  motion.  The  moft  gene- 
ral, and  probable  opinion  is,  th.it  it  flows  immediately 
from  the  luminous  body  in  ftraight  lines,  in  all_  nian- 
ner  of  direiSlions,  and  confifts  of  particles  lo  infinitely 
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final!,  as  to  exceed  all  human  comprehenfion.  A proof 
of  this  fmallnefs  is,  that  a candle  will  fill  a fphcre  of  four 
miles  in  diameter,  without  the  leaft  fenfible  lofs  of  its 
fubfiance : And  if  a row  of  candles  ftand  parallel  to  a 
black  paper,  with  a pin-hole  in  it,  each  candle  (through 
that  hole)  will  make  a feparate  fpeck  on  the  pajle-board  a 
little  behind  it.  Thefe  particles  by  ftriking  the  retina  of 
our  eyes,  excites  in  our  minds  the  idea  of  light : And 
when  they  fall  upon  bodies,  and  are  by  them  refledled  to 
our  eyes,  they  excite  in  us  an  idea  of  the  colour  apd 
lhape  of  thefe  bodies. 

' In  a room  perfectly  dark,  if  the  hand  (or  any’ thing) 
be  put  into  light,  and  then  taken  into  the  dark  room, 
it  will  be  luminous  fome  time,  as  if  covered  with  phof- 
phorus. — Calcined  oyfter  fiiells  taken  out  of  the  light 
into  the  dark  room,  exhibit  the  colours  of  the  rainbow, 
&c.  fhewing  that  light  ftriking  upon  bodies,  excites  their 
latent  light,  and  makes  it  vifible,  as  one  candle  is  lighted 
from  another.  Or  that  light  flicks  to  bodies  plunged  in 
it,  as  water  does  to  the  hand. 

We  cannot  fee  through  the  bore  of  a bended  pipe ; 
which  proves  that  light  moves  in  ftraight  lines  in  every 
medium  of  uniform  denjity.  But  when  tliey  pafs  obliquely, 
out  of  one  medium  into  another,  which  is  either  more 
denfe,  or  more  rare^  they  are  refracted,  or  bent  towards 
the  denfer  medium,  more  or  lefs,.  as  they  fall  more  or 
lefs  obliquely  on  its  furface.  To  prove  which,  put  a 
JhilUng  in  the  bottom  of  an  empty  veflel ; ftand  fo  far 
from  it  that  the  veflel  may  hide  the  /hilling ; if  water 
be  then  poured  into  it  the  fliilling  will  again  be  feen. 
Hence  we  are  deceived  in  the  depth  of  water : A ftraight 
Hick  put  into  water  will  appear  crooked ; and  hence 
the  y««’s  rays  being  broken  by  palling  thro’  our  atmo- 
fphere,  we  fee  him  in  the  horizon,  before  he  rifes,  and 
after  he  fets  in  it.  When  rays  fall  perpendicularly  on 
any  medium,  they  pafs  ftraight  thrpugh  without  any 
refradlion.  ' 
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Glafs  is  generally  ground  into  eight  dilFerent  fliapea 
for  opticial  purpofes.  i . A plane  glafs^  is  a flat,  and  even 
on  both  fides,  and  of  an  uniform  thicknefs ; will  re- 
fradt  the  rays  of  light,  but  not  colledl  them  into  one. 
focus.  2.  K piano 'Convex^  is  flat  on  one  fide,  andaportion 
of  a fphere  on  the  other.  When  parallel  rays  fall  diredlly 
xipon  it,  they  pafs  through  it,  and  are  fo  refradied,  as  to 
unite  in  a point  called  its  focus,  juft  fo  far  behind  it,  as  is 
equal  to  the  diameter  of  the  fphere  of  which  it  is  a part. 
3.  A double  convex^  is  convex  on  both  fides : Parallel  rays 
palling  through  it  converge  or  meet  in  a focus,  at  half  the 
diftance  they  do  through  the  plano-convex  ; and  as  the  heat 
of  all  thofe  rays  are  colledted  in  that  focal  point,  it  will 
burn,  melt  or  calcine  all  opaque  bodies.  4.  A plano-concave 
is  flat  on  one  fide  and  concave  on  the  other.  5.  The  double 
concave  is  hollow  on  both  fides,  and  parallel  rays  palTing 
through  diverge  or  fpread  out  agreeable  to  the  laws  of 
refradfion,  6.  A ment feus- glafs  is  convex  on  one  fide,  and 
concave  on  the  other.  7-  A fated plano-conveic,  or  multi- 
plying glafs,  has  its  convex  fide  ground  into  feveral  flat 
furfaces.  And,  8.  The  prlfm  has  three  flat  fides,  and 
viewed  endvvife  appears  like  an  equilateral  triangle.  The- 
prifm  held  obliquely  to  a ray  ot  light  in  a dark  room, 
will  effedl  its  fmallell:  particles  the  mojf  and ' fhew^  them 
to  be  a fine  violet  colour’,  it  will  affemble  the  next  m fize 
dole  to  the  firft,  and  fhew  them  to  be  of  an  indigo  colour ; 
the  nttf.tbluc\  the  n&xx. green-,  the  next  yellow  ; then  orange; 
and  at  laft  the  red,  which  confifis  of  the  largeft  particles, 
and  therefore  by  the  momentum  of  their  . motion,  the  leaft 
capable  of  being  attradled  out  of  their  way.  ’Tis  wonder- 
ful that  thefe  colours  occupy  fpaces  on  the  fereen  on 
which  they  are  thrown  by  the  prifm,  exadUy  propor- 
tionate to  the  diatonic  fcale  ot  the /even  twtcsofmujtcl  Jfin 
the  rays  fo  divided  a double-convex  lens  be  put,  it  will  bring 
them  into  one  point  that  fliall  be  perfedlly  white;  which 
accounts  for  the  white  appearance  of  Ught.^  As  white  is 
therefore  a compofitipn  of  all  colours,  lo  black  is  a priva- 
tion of  them  all,  and  properly  no  colour,  and  fuch  a blank 
exills  in  the  fpace  above  our  atmofphcre  r In  looking  up 
therefore  we  fee  wjiat  is  called  the  blue  Jk],  a colour  na- 
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turally  refultlng  from  the  mixture  of  Mack  and  whkt 
through  which  we  look;  or  perhaps  blue  is  the  natural 
colour  of  the  atmofphere,  fo  that  diftant  mountains  look 
blue,  by  being  look’d  at  through  a medium  of  that  colour. 
All  bodies  appear  of  that  colour  whofe  rays  they  refledl 
moft;  as  a body  is  red  when  it  rcfledls  the  red  rays,  and 
abforbs  the  relh  Two,  or  more,  colours  that  are  quite 
tranfparent  by  themfelves,  become  dark  when  put  toge- 
ther. Thus,  if  fpirits  of  wine  be  tinged  red,  and  put  in  a 
fquare  bottle,  every  obje£l  feen  through  it  will  be  red-, 
becaufe  it  only  fulFers  the  red  rays  to  pafs  through  it,  and 
Hops  the  reft.  If  another  bottle  be  tinged  blue,  all  objedls 
viewed  through  it  will  be  blue  for  the  fame  reafon  : But 
if  the  two  bottles  be  held  together,  the  obje6l  can  no  more 
be  feen  through  them  ; for  whatever  rays  pafs  through  one 
bottle  to  the  eye  will  be  flopped  by  the  other,  &cc.  Rays 
©flight  fufFer  different  degrees  of  refradlion,  by  falling 
more  or  lefs  obliquely  on  iheprijm  or  convex  lens.  Isle,  aiad 
are  thereby  feparated  as  above  ; this  happens  to  them  in 
paffmg  through  drops  of  falling  rain:  For  \szm^refiefied 
towards  the  eye  from  the  fides  of  thofe  drops  which  are 
fartheft  from  the  eye,  and  again  refracted  by  paffing  out  of 
thefe  drops  into  the  air,  they  come  in  refrafted  direeSlions  ' 
to  the  eye,  and  make  all  the  colours  to  appear  fucceffively 
in  the  form  of  a fine  arch  in  the  heavens,  which  is  called 
the  rainbow : All  drops  paffmg  through  an  ideal  plane  in 

the  fhower,  refraft  a certain  colour  to  the  eye paffing 

through  another  a little  lower  they  refra6l  another,  &c. 
fo  the  bow  appears  permament  while  the  lliower  lafts. 

Light  is  refe^edhy  the  repellent  quality  of  bodies,  and 
flies  back  from  poliffied  furfaces,  like  a ball  thrown  againft 
an  hard  and  fmooth  plane  : If  a flick  ftand  perpendicu- 
larly on  that  plane,  and  the  ball  be  thrown  obliquely  on 
the  plane  near  its  foot,  it  will  rebound  on  the  other  fide 
the  flick,  and  form  an  angle  with  it,  equal  to  that  in 
which  it  was  thrown  ; the  firft  of  thefe  is  called  the  angle 
cfincidenee,  and  tlie  other  the  angle  of  refleliion.  If  upon 
a plane  looking-glafs  a ray  falls  from  any  obje61,  if  a per- 
pendicular be  eredled  there,  and  the  eye  go  off  fuch  a 
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diflance  as  to  form  the  fame  angle  on  the  other  fide  of  it, 
the  obje6t  will  be  feen  in  a ftraight  line  behind  the  glafs, 
—for  it  is  an  axiom  in  optics,  that  we  always  fee  objeds  in 
that  line  of  rays  that  come  to  the  eye  left.  Hence  1 lee  my 
whole  perfon  in  a glafs  but  half  \t%  length ; for  the  rays 
from  my  feet  ftriking  upon  the  bottom  of  the  mirror,  will 
form  the  angle  of  refedion  in  my  eye  the  fame  as  if  it  was 
the  whole  length,  &c.  Hence  alfo  the  efFedls  oi  diagonal 
mirrors^  opera  glafj'es,  cameras,  &c.  Parallel  rays  falling 
on  a concave  mirror  will  be  refle£fed  alfo  agreeable  to 
thofe  angles,  and  meet  in  a point  at  half  the  diflance  of 
the  mirror,  from  the  centre  of  its  concavity  ; if  the  rays 
proceed  from  an  hpt  fun,  his  image  will  likewife  be  found 
in  that  point,  and  burn.  The  rays  which  proceed  from 
any  fmall  terrejirial  objed,  come  diverging  to  the  mirror, 
and  therefore  will  not  be  converged  to  a point  at  half  the 
diftance  of  the  mirror’s  furface  from  the  centre  of  its 
<•  concavity,  but  nearer  to  that  furface  \ the  image  will  be 
lefs  than  the  objed,  but  will  be  feen  inverted,  and  hang-  < 
ing  pendant  in  the  air,  quite  diftin6l  by  an  eye  placed 
oppofite  the  mirror.  If  the  objed  ht  in  the  centre  of  the 
mirror^ s concavity,  the  image  and  objed  will  be  togethei , and 
c){  equal  bulk  : Therefore  when  the  objeft  is  more  remote 
than  the  centre  of  concavity,  the  image  will  be  lefs  than 
the  objed,  and  between  the  objed  and  mirror:  But 
when  the  objea  is  nearer  than  the  centre  of  concavity, 
the  image  will  be  more  remote,  and  bigger  than  the  objea. 
The  angles  of  incidence  and  rejiedion  alfo  account  for  th» 
fmall  image  in  a convex  mirror. 

The  human  eye  is  lodged  in  a bed  of  fat,  and  fecured  in 
an  hollow  orb  of  bone ’tis  moved  by  mufcles  which 
aa  on  its  outfide  like  pullies,  and  confifts  of  four  coats, 
and  three  humours.  The  coat,  in  which  the  back  part  of 
the  eye  is  contained,  is  called  the  fclerotica-,  .it  is  a large 
portion  of  a globe,  very  ftrong,  and  of  a non-elaftic  nature  ; 

that  part  which  completes  the  globe  on  the  fore-part  of 

the  eye,  is  the  ccrwffl ; it  bulges  a little  forward  out  o 
that  fliape,  and  is  a fine  tranfparent  membrane.  Next 
within  the  fclerotica  is  that  called  the  choroidcs,  which 


C 67  ] 

fervcs  as  it  were  for  a foft  lining  for  the  other;  and  within 
this,  is  fpread  a fine  expanfion  of  the  optic  nerve,  like  a 
net,  called  the  retina,  upon  which  are  painted,  as  in  a 
camera  objeura,  the  images  of  all  well  enlightened  obje^is. 
The  iris  is  compofed  of  two  fets  of  mufcular  fibres, 
which  dilate,  or  contraft  the  hole  in  it,  called  the  pupil, 
fo  as  to  adapt  it  to  a llrong  or  weak  light.  The  adnata, 
or  conjun£lha,  is  the  white  of  the  eye,  a fine 
membrane  that  folds  tinder  the  eye-lid,  and  joins  to  it. 
Under  the  cornea  is  a fine  tranfparent  fluid  like 
w'ater,  and  thence  called  the  aqueous  humour:  It  gives 
the  protuberent  figure  to  the  cornea,  and  goes  through 
the  pupil.  Behind  this  lies  the  cryftalline  humour,  Ihaped 
like  a double-convex  glafs,  tranfparent  as  cryftal,  of 
the  confiftence  of  hard  jelly,  and  which  converges  the 
rays  that  pafs  through  it  to  a focus  on  the  retina.  It  is  ' 
inclofed  in  a fine  tranfparent  membrane,  from  which  pro- 
ceed radiant  fibres  called  the  ligamentum  ciliare,  all  round 
its  edge,  and  joined  to  the  outward  edge  of  the  iris:  Thcfc 
fibres,  by  a power  of  contraiSling  and  dilating,  alter  the 
convexity  of  the  cryjialine  humour,  and  Iliift  it  a little 
backward  or  forward  in  the  eye,  to  fuit  it  to  the  different 
dillances  of  objedts  fan  admirable  provipon.)  The  cry- 
JlaUine  humour  is  bedded  on  the  vitreous  humour,  which 
fills  the  whole  of  the  other  part  of  the  orb  of  the  eye, 
and  is  tranfparent  like  glafs ; this  is  the  largeft  of  all 
in  quantity,  and  is  much  of  a confiftence  with  the  white 
of  an  egg.  The  optic  nerve  comes  from  the  brain, 
through  the  fclerotica  and  choroides,  on  that  fide  the 
eye  next  the  nofe ; and  is  inclofed  on  the  outfide 
the  eye  by  coats  proceeding  from  the  pia  and  dura 
mater,  and  of  which  the  fclerotica  and  choroides  are  but 
a continuation.  Thefe  are  the  parts  of  this  wonderful 
organ. 

Rays  from  any  enlightened  objc^l  ftream  upon  the  re- 
tina, and  there  paint  it  invertedly,  as  may  be  feen  by- 
cutting  off  the  three  eqats  from  the  back  part  of  a frefti 
bullock’s  eye,  and  putting  a piece  of  white  paper  over 
that  part:  If  the  eye  is  then  held  before  any  bright 
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objeft,  an  inverted  picture  of  it  will  be  painted  on  the 
paper.  The  optic  nerve  inclofes  a blood-vejjel,  which  renr 
ders  ohjecSts  invifible  that  fall  on  it;  how  wifely  there- 
fore is  it  placed  on  one  fide  of  each  eye  ! that  the 
fame  parts  of  an  image  which  fall  on  the  optic  nerve 
of  one  eye  fliould  not  fall  on  the  other ! If  three  patches 
are  placed  at  a foot  di fiance  from  each  other  on  a 
wall,  if  the  right  eye  be  covered,  and  the  left  look 
fledfaftly  at  the  right-hand  patch,  the  middle  patch  will 
difappear,  becaufe  it  falls  on  the  artery  in  the  optic 
nerve. 

The  nearer  any  objedl  is  to  the  eye,  the  larger  is  the 
angle  under  which  it  is  feen  ; therefore  an  obje6l  looks 
twice  larger  at  one  than  at  two  miles  diflance.  Hence 
the  ufe  of  convex  gtaffes,  which,  by  increafing  this  angle, 
make  minute  objeils  vifible ; and  when  the  humours  are 
grown  fo  fiat  in  decayed  eyes,  that  the  pi6lure  falls  behind 
the  retina,  can  bring  the  rays  to  converge  fo  that  the 
pi6lure  fliall  be  brought  back  as  it  were  to  the  retina^ 
Hence  alio  the  realon  that  the  too  round  eye  requires  the 
double  concave  glafs,  by  its  divergency,  to  remove  the 
image  from  the  vitreous  humour  forward  to  the  retina. 

The  fngle  microfeope  is  only  a fmall  convex  glafs  hav- 
ing the  obje6l  placed  in  its  focus ; and  the  eye  at  the  fame 
diflance  on  the  other  fide.  Its  magnifying  power  is  thus 
calculated ; A good  eye  cannot  fee  any  obje£l  diftindlly 
at  lefs  than  fix  inches  diflance;  if  this  be  divided  by  the 
focal  diflance  of  the  glafs,  the  quotient  will  be  )iow  mucl| 
the  diameter  of  the  obje6l  is  multiplied. 

The  double  microfeope  confifls  of  an  objcdl  glafs  and  an 
eye  glafs,  between  which  the  image  is  formed  and  magni- 
fied, by  having  the  objefl  a little  further  from  the  objedl 
glafs  than  its  principle  focus  ; this  image,  brought  fo  nean 
is  viewed  by  the  eye  through  the  eye  glafs.  If  each  glafs 
magnifies  fx  times  (as  by  the  lafl  calculation)  then  is 
theobjedl  magnified  thirty-fix  times  by  both.  This  inflru- 
jtnent  is  ^quipt  with  a mirror,  which,  by  the  angle  of  incidence 
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and  7‘cjlcflion,  throws  up  light  on  the  underjlde  the  ohjeft  ; 
which  obje6l  being  placed  in  the  locus  of  a moveable  IcnSf 
has  its  upperjide  enlightened  alfo. 

The  folar  microjcopc  is  placed  in  a round  hole  In  a fliutter 
that  only  admits,  into  a dark  room,  a fmall  cone  of  rays  ; 
that  thefe  rays  may  be  fent  ftraight  through  the  tube,  a 
plain  mirror  on  the  outjide  is  fo  hxed,  as  to  refle<5t  them 
in;  they  then  pafs  thro’ a large  convex  lens  ; after  which, 
they  fall  upon,  and  enlighten  the  objedf,  which  is  placed 
in  the  focus  of  a fmall  magnifier,  through  which  they 
carry  a large  inverted  image  of  the  obje61:  to  a white  llieet, 
placed  at  any  diftance  for  its  reception. 

A refraHing  telefcope  may  be  made  of  two  convex  glaJfeSy 
viz.  an  ohjeil  glaf%  and  an  eye  glajs,  if  the  focus  of  the  eye 
glajs  be  in  the  fame  part  of  the  tube  where  the  image  is 
formed  by  the  object  glafs : but  then  the  image  will  be 
inverted  and  therefore  ’tis  only  fuitable  for  celellial  ob- 
je£ts.  The  magnifying  power  of  this  telefcope  is  as  the 
focal  diftance  of  the  objedl  glafs  to  the  focal  diftance  of  the 
eye  glafs:  Therefore  if  the  former  be  divided  by  the  latter, 
the  quotient  will  exprefs  the  magnifying  power,  and  fliew, 
that  if  the  focal  diftance  of  each  ivere  alike,  the  magnifying 
power  of  the  telefcope  would  be  nothing ; and  that  this 
magnifying  power  will  increafe  with  its  length,  for  the 
greater  the  focal  diftance  of  the  objedt  glafs,  the  lefs 
may  be  the  focus  of  the  eye  glafs. 

A refradling  telefcope,  that  will  ftiew  objedls  in  their 
natural  pofture,  muft  have  two  equal  convex  glajfies  added 
to  the  eye  glafs,  and  all  three  muft  ftand  at  double  their 
focal  diftances  from  one  another.  As  thefe  three  do  but 
as  it  were  compofe  one  eye  glafs,  the  magnifying  power 
of  this  telefcope  may  be  calculated  as  the  laft. 

Dollond's  patent  telefcope  is  formed  on  the  fame  princi- 
ples, only  its  obje61:  glafs  is  much  larger,  and  is  com- 
pofed  of  two  joining  glaffes  of  different  denftties,  one  a 
^lano-concave,  and  the  other  a double  convex  that  fits  into 
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' tht  other’s  concavity.  Thefe  make  the  field  of  v5e\v 
larger,  and,  by  taking  off  the  coloured  rays,  the  image 
becomes  bright,  and  quite  diftindl ; For  as  the  rays  which 
pals  through  the  edge  of  a convex glafs  are  more  unequally  re- 

Jtaiied  than  ihofe  that  pafs  nearer  its  middle,  they  don’t 
meet  in  the  fame  point,  but  form  a circle  of  prifinatic  co- 
lon is  round  the  image:  In  the  common  telejcope  thefe  are 
partly  taken  off' by  a black  plate  fixed  in  the  tube,  with  an 
hole  through  its  centre;  but  the  patent  glajs  does  this 
much  more  effedlually. 

The  refiealng  telefcope  exceeds  all  others  in  its  magnify- 
ing power  and  portable Jizcj  and  its  outward  figure  conliffs 
of  a great  and  fmall  tube,  fcrewed  into  the  end  of  one 
another.  At  the  bottom  of  the  great  tube  is  placed  the 
large  concave  mirror,  with  an  hole  through  its  middle. 
Parallel  rays  from  celeffial  objefts  falling  on  this  mirror, 
are  refledled  back  by  it,  and  form  the  image  a little  Ihort 
of  the  fmall  concave  mirror  which  faces  the  hole  in  the 
large  one.  From  this  image  the  rays  diverge  to  the 
fmall  mirror,  and  are  from  thence  refle£led  parallel,  and 
inverted  into  the  fmall  tube,  through  the  hole  in  the 
large  mirror  : here  meeting  with  a convex  lens,  they  are 
fo  refra61;ed  as  to  form  the  imago  in  the  fmall  tube.  The 
image  being  now  brought  fo  near,  requires  nothing  but  a 
fmgle,  or  compound  eye  glafs  to  fend  it  duly  magnified 
to  the  retina.  Rays  from  any  terreftrial  objedf  will  not 
come  parallel  but  converge  a little  ; hence  the  image  is 
formed  nearer  the  great  mirror,  and  therefore  a fcrew  is 
fixed  to  the  fmall  mirror,  on  the  outfide  the  tube,  to 
adjuft  it  to  it ; and  alfo  to  the  greater  or  lejjer  convexity 
of  different  eyes.  Dr.  Herfchel’s  refledlor  is  formed  on 
the  Newtonian  plan,  viz.  its  great  mirror  is  not  perfo- 
rated, and  therefore  its  image  is  received  by  a plane 
mirror  placed  diagonally  within  the  tube,  and  wdiich 
fends  that  image  through  the  magnifying  or  microfcopic 
part  fixed  perpendicularly  in  the  tube.  The  excellence  of 
this  inftrument  confifts  in  the  parabolic  and  poU/h 

of  its  great  mirror,  which  forms  the  image  of  the  object 
looked  at  fo  pcrfcdl,  that  a magnifving  power  of  6^00 
can  be  applied  to  it. 
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This  1 nftrumcnt  is  carried  to  ftlll  a greater  magnifying 
and  diftliKSl  power  by  a mirror  of  near  5 feet  diameter, 
and  of  40  feet  focal  ^length,  without  any  obftru£ting 
mirrors,  fo  the  light  even  from  the  moon  is  too  ftrong 
for  a naked  eye  to  look  at  through  it. 

The  diagonal  mirror,  for  viewing  prints,  is  a pleafing 
inftrument.  If  a plane  mirror  be  placed  at  an  angle  of 
45  degrees  above  a print  lying  horizontal  and  inverted, 
it  will  turn  the  rays  reflefted  from  the  print  into  an 
horizontal  dire6lion  to  the  eye : If  then  a large  convex 
tens  be  placed  between  the  eye  and  the  mirror,  the 
pidfure  will  be  prodigloufly  magnified;  and  if  an  aflem- 
blage  of  Jhcll-nvork  environ  the  view  between  the  print 
and  the'  mirror,  the  pidiure  will  have  a beautiful  frame 
to  it. 

The  camera  ohfeura  is  formed  on  the  fame  principles. 
A diagonal  mirror  is  fet  at  the  fame  angle . againfl  the 
landfcape,  and  refledls  it  downward  tlirough  a convex 
lens  into  a dark  box,  where  it  is  painted  on  a white  paper 
placed  in  the  focus  of  the  lens,  and  on  which  a hand 
put  into  the  box  may  draw  the  landfcape  to  the  minuteft 
cxadlnefs.  , 

The  opera  glafs  is  alfo  formed  of  a fmall  diagonal 
mirror,  which  fends  the  rays  through  a convex  glafs 
to  the  eye.  Through  this  a gentleman  may  look  at  a 
diftant  lady  in  the  company,  and  the  lady  know  nothing 
of  it. 

The  magic  lanthorn  is  formed  on  the  fame  principles 
as  the  folar  microfeope ; a candle  fupplies  the  place  of  the 
lun  ; and  having  its  rays  tinged  with  the  colours  of 
transparent  figures  painted  on  glafs,  throws  them  through 
two  convex  lenfes  on  a!  white  wall  in  a dark  room, 
prodigioufly  magnified.  Argand’s  Lamp  has  improved 
this  inftrument  very  much,  as  well  as  the  lucernal  mi- 
crofeope, common  illumination,  the  fea  lights  invented 
by  the  author,  See. 
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L E C T U R E x: 

USE  of  the  GLOBES. 


a Ihip  approaches  us  at  fea,  the  firfl:  part 
of  her  we  fee  is  her  upper  fails,  after  that  we  fee 

her  lower  fails,  and  then  the  hull: ’Tis  evident  fhe 

moves  on  a round,  furface  or  we  fliould  fee  the  whole  at 
a time.  In  failing  from  capes  we  lofe  fight  of  them  firli 
at  the  bottom,  then  the  middle,  and  at  laft  the  top  difap- 
pears.  Thefe  elFefts  are  in  all  parts  of  the  world. 
Several  perfons  have  failed  round  the  earth.  And  all 
the  bodies  in  the  fyftem  are  round.  Hence  wc  conclude 
that  the  earth  is  a globe  alfo.  , v 

The  earth’s  roundnefs  is  no  more  affefled  by  the 
largeft  mountains,  than  the  roundnefs  of  a common 
globe  is  by  a few  grains  of  dull:  thrown  upon  it ; for 
they  bear  no  greater  proportion  to  its  bulk.  It  is  7,  970 
miles  in  diameter:  Near  100  millions  of  miles  from 

the  fun  : Moves  round  him  in  365  days  5 hours  and  49 
minutes,  at  the  rate  of  60,  000  miles  an  hour  ; and  turns 
round  upon  its  axis  every  24  hours,  from  weft  to  eaft, 
which  makes  all  the  heavenly  bodies  feem  to  turn  round 
the  contrary  way,  or  from  eaft  to  weft. 

The  particles  of  which  the  earth  is  compofed  would 
fly  into  confufion,  if  not  held  together  in  the  form  of  a 
globe  by  the  power  gravitation.  ’Tis  this  power  which 
gives  iveight  to  all  bodies,  or  that  tendency  they  have 
towards  the  center  of  the  earth.  Hence  the  general 
of  the  earth  becomes  its  whole  furface,  and  the  general 
bottom  its  center.  The  Antipodes  arc  therefore  as  much 


on  the  top  as  we.  But  as  the  parts  of  the  earth  are 
loofe,  the  violent  motion  it  has  on  its  axis  will  in  fome 
degree  overpower  even  the  force  of  gravity,  and  accu- 
mulate more  matter  round  the  Equator,  becaufe  the  cen- 
trifugal force  is  greateft  there ; hence  the  true  figure  of 
the  earth  is  an  oblate  fpha^otd,  or  like  an  orange,  35 
miles  more  in  diameter  at  the  equator  than  at  the  poles. 
This  was  proved  by  an  adlual  menfuration,  and  is  ex- 
plained by  the  whirling  rings. 

\ 

This  oblate  figure  proves  \\.%  diurnal  motion',  if  it  was 
at  reft  it  would  be  neceflarily  a perfe6l  fphere.  We  per- 
ceive not  this  motion,  becaufe  the  air  in  which  we  live,' 
partaking  of  the  general  gravitation,  is  carried  round 
along  with  the  earth.  ,When  a ftiip  turns  round,  if  we 
look  out  at  the  cabin  windows,  we  believe  ourfelves  at 
reft,  and  the  neighbouring  country  turning  round  us ; 

we  are  deceived  in  like  manner  in  the  motion  of  the 

earth. 

Where  there  is  no  refleiftion  from  contiguous  objedls, 
a globe  can  but  be  one  half  enlightened  by  a luminous 
body  ; hence,  if  a globe  turns  round,  there  muft  be  a 
fucceflion  of  light  and  darknefs,  or  day  and  night,  to  its 
inhabitants. 

Had  a globe  no  other  motion,  there  could  be  no  va- 
riety in  its  feafons  or  length  of  days.  As  gravity  de- 
creafes  according  to  the  fquares  of  the  diftances,  it  follows 
that  if  one  body  move  in  an  oval  round  another  as  its 
centre  of  motion,  the  fquare  of  its  periodical  times  will 
be  as  the  cube  of  its  diftance  from  that  body  ; this  holds 
prccifely  with  regard  to  the  planets  and  their  moons.  The 
planets  fometimes  appear  to  fand  f ill,  fometimes  to 
go  hack"Mards ; this  muft  always  be  the  cafe  where 
one  body  moves  nearly  in  the  fame  plane,  and  cir- 
cular within  the  orbit  of  another  moving  body. The 

eclipfes  of  Jupiter’s  fatellites  appear  later  to  us  by  16 
minutes  at  one  time  of  our  year  than  at  another.  ’Tis 
matter  of  obfefvation,that  all  the  planets  revolve  round  the 
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fun.  From  all  which  we  are  certain  that  the  earth  goes 
round  the  fun,  and  not  the  fun  round  the  earth. 

We  know  the  path  our  earth  defcribes  in  the  heavens, 
by  obferving  that  which  the  fun  feems  to  defcribe  in  the 
oppofite  part  of  the  heavens.  We  find  one  liar  without 
any  apparent  motion,  fituated  23  degrees  and  a half  from 
the  axis  of  this  orbit,  and  which  is  occafioned  by  being 
nearly  oppofite  to  one  of  the  poles  of  our  earth,  ai\d 
thence  called  the  polar  flar ; hence  we  difcover  that  fub- 
lime  contrivance  the  inclined  axis  of  the  earth,  which 
keeping  always  parallel  to  itfelf,  occafions  the  different  fea- 
fons,  and  different  .lengths  of  day  and  night;  diffufing 
equally,  over  the  face  of  both  hemifpheres,  the  bleffmgs 
of  the  fun. 

The  axis  fo  difpofed  will  neceffarily  bring  the  northern 
and  fouthern  parts  of  the  earth  alternately  to  the  fun, 
therefore  when  it  is  fummer  in  the  north  it  will  be  win- 
ter in  the  fouth,  and  vice  versa.  So  far  on  each  fide  the 
equator  as  the  fun  at  any  time  of  the  year  Ihines  verti- 
cally, is  called  the  torrid  %one,  and  it  is  bounded  by  two 
imaginary  lines  ; that  to  the  north  is  called  the  tropic  of 
cancer,  and  that  to  the  fouth,  the  tropit  of  capricorn. 
When  the  fun  lliines  vertically  over  the  firll,  he  mull 
lltine  23  degrees  and  a half  further  than  the  north  pole, 
and  will  not  therefore  fet  for  many  days  together  to  the 
inhabitants  of  the  north  frigid  zone — but  it  will  be  then 
total  darknefs  (the  fame  time)  to  thofe  of  the  fouthern 
frigid  zone  ; hence  the  poles  muji  but  have  one  day  and 
one  night  in  the  year.  Thefe  two  zones  (as  they  are 
called)  are  bounded  by  lines  alfo,  the  north  called  the 
artic,  the  fouth  the  antartic  circle.  The  intermediate 
fpaces"  between  the  torrid  and  frigid  zones  are  called  the 
temperate  zones. 

In  the  northern  hemifphere  the  vernal  ecpu'^ox  (or 
equal  day  and  night  in  the  fpring)  is  about  the  20th 
of  March  ; and  the  autumnal  equinox  is  about  the  23d  of 
September  j in  the  fouthern  hemifphere  the  contrary.* 
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At  the  equinoxes  the  fun  fhincs  over  the  equator  ; at  the 
foljilces  he  lliines  23  degrees  and  a half  from  the  equator. 

The  meridian  of  any  place  is  a femicircle  palling 
through  it,  cutting  the  equator  at  right  angles,  and  ter- 
minating in  the  poles.  The  earth’s  circumference  is 
360  degrees,  each  near  yoEnglifli  miles,  and  as  the  earth 
turns  round  on  its  axis  in  24  hours,  each  meridian  revolves 
15  degrees  in  an  hour,  for  24  x 15=  360.  Therefore 
every  place  to.  the  eajiward  of  another  has  its  hours 
looner , if  wejiiuard^  fo  much  later. 

The  longitude  of  any  place  is  the  number  of  degrees 
^ between  its  meridian,  and  the  meridian  of  any  place,  from 
whence  the  longitude  is  reckoned,  and  is  deemed  eaji  or 
weji  according  as  it  is  fituated.  The  eclipfes  of  ’Jupiter's 
fatellite:,  afford  a method  of  finding  the  longitude,  thus  : 
Suppofe  an  eclipfe  of  any  fatellite  happens  in  London  at  fix 
in  the  morning,  and  that  it  is  fecn  at  another  place  at  four 
in  the  morning,  the  difference  of  time  is  two  hours, 
which  anfwers  to  30  degrees  weft  of  London.  Thefc 
obfervations  the  motion  of  a ftiip  hinders  from  being 
made  at  fea ; and  hence  may  be  perceived  the  extreme 
utility  of  a regular  time-keeper.  ' 

The  latitude  of  a place  is  fo  many  degrees  as  it  is  from 
the  equator;  if  to  the  north,  it  is  laid  to  be  in  north 
latitude ; if  to  the  fouth  of  the  equator,  in  fouth  latitude  ; 
hence  by  the  lines  of  latitude  and  longitude,  the  face  of  a 
globe  is  covered  with  imaginary  fquares,  by  which  the 
fituation  of  every  fpot  on  the  face  of  the  earth  is  as  ex- 
actly afcertained  as  the  parts  of  an  eftate  are  by  its  hedges 
and  ditches. 

The  rational  horizon  of  a place  extends  90  degrees  from 
the  phace  on  all  fides.  The  fenjible  horizon  is  the  boundary 
of  the  obferver’s  fight  on  all  fides. 

L 2 
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The  ecliptic  is  that  circle  in  the  heavens  through  whiA 
the  earth  makes  its  revolution  round  the  fun  ; and  it  is 
diftinguifhed  by  confpicuous  aflemblages  of  fixed  ftars, 
called  ligns  or  conftellations,  fuch  as  Arles.,  ‘Taurus.^ 
Gemini,  ’ Cancer,  Leo,  Iffc.  The  zodiac  extends  to  eight 
degrees  on  each  fide  of  the  ecliptic,  and  with  it  round  the 
heavens. 

The  four  continents  of  the  earth  are,  Europe,  AJia, 
Africa,  and  America.  The  oceans  are  the  Northern,  the 
Atlantic,  the  Ethiopic,  the  Indian,  the  Pacific,  and  the 
Southern  Oceans.  • The  unknown  parts  of  the  earth  con- 
tain 160,566,276  fquare  'miles ; the  inhabited  parts 
38,990,569,  1.  e.  Europe  4,456^065  ; Afia  10,768,823  ; 
Africa  9,654,807;  America  I4,il0,874»  'In  all 
199,556,845  ; which  is  the  number  of  fquare  miles  on 
the  whole  furface  of  our  globe. 

When  a round  ball  has  the  different  countries,  king- 
doms, towns,  and  rivers  delineated  upon  it  agreeable  to 
tlieir  fituations,  it  iS  a reprefentation  of  the  earth.  If  an 
hollow  fpherical  ball  could  have  the  fixed  ftars  properly- 
marked  on  its  infide,  with  the  fun,  moon,  and  planets, 
it  would  be  a reprefentation  of  the  heavens  to  an  eye 
placed  in  its  centre  ; but  this  being  inconvenient,  the 
fixed  ftars  are  placed  on  an  opaque  globe,  and  the  fun  and 
planets  reprefented  by  patches  placed  on  the  ecliptic,  bq- 
catife  they  are  continually  changing  their  places. 


/ 
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LECTURE  XI. 


Oft  the  MOO  Nf 


'T^HE  ffioon  is  no  planet,  but  only  a fatiillte,  or  an  at- 
tendant  on  the  earth.  The  farther  any  planet  is 
from  the  fun,  the  more  occafion  it  has  for  fuch  an  help  to 
its  light;  hence  Mercury  and  Venus  are  without  moons, 
as  being  near  the  fun  ; but  Jupiter  has  four,  and  Saturn 
five,  (now  known  to  be  feven)  becaufe  of  their  diftanee 
from  it. 


The  moon’i  face  abrounds  with  great  inequalities,  and 
hence  me  reflecfbs  a more  chafte  and  agreeable  light  than 
if  her  furface  was  fmooth.  She  always  keeps  the  fame  face 
towards  us  (fome  fay  becaufe  the  quality  of  that  fide 
of  her  is  more  adapted  to  catch  the  attradlion  of  the 
earth  than  the  other)  and  confequently  muft  turn  once 
round  on  her  axis,  while  Ihe  goes  once  round  the  earrh 
jn  her  orbit.  Her  periodical  revolution,  or  time  of  going' 
round  from  one  point  of  her  orbit  to  the  fame  point 
again,  is  27  days  7 hours  43  minutes ; But  her  fynodical 
revolution,  or  time  from  change  to  change,  is  29  days 

12  hours  44  mirvutes  ; this  difference  is  caufed  by  what 

the  earth  has  advanced  in  the  ecliptic  during  that  time, 
which  is  29  one-tenth  degrees.  {Illifirated  by  tht  Orrery 
and  Fergufon's  paradox. ' 

The  moon’s  mean  diftanee,  found  by  her  parallax,  is 
240,000  miles.  Her  diameter  is  2180  miles,— —and  Ihe 
moves  about  2290  miles  every  hour. 
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The  moon  has  no  l?ght  of  her  own,  but  only  reflefts 
the  beams  of  the  fun,  as  a polifhed  body  does  the  light  of 
a candle  ; — hence,  as  Ihe  is  a globe,  we  mull  fometimes 
fee  more  fometimes  lefs  of  her  enlightened  fide,  viz, 
when  file  is  between  us  and  the  fun,  her  dark  fide  is 
towards  us,  and  therefore  flic  difappears ; as  file  advances 
forward  we  fee  a fmall  part  of  her  enlightened  fide,  and 
call  it  the  nev}  moon  ; becaufe  next  evening  flie  is  got 
a few  degrees  farther  to  the  eaft  and  we  fee  more  of  her 

illumin’d  fide ; every  evening  we  find  her  advanced 

till  file  rifes  in  the  eaft  in  oppolition  to  the  fun  in  the 
weft,  and  tlfb*  her  whole  enlightened  face  is  towards  us, 
and  we  fay  flie  fs  at  xhtfuU ; her  decline  is  from  the  fame 
reafons ; and  a ball  over  a gate  enlightened  by  the  fua 
conveys  a clear  idea  of  both.  [Illujirated  by  the  Orrery.) 

The  earth  is  a moon  to  the  moon,  waxing  and  waning 
as  file  does  ; it  appears  13  times  as  large  to  the  lunarians 
as  the  moon  does  to  us,  affording  them  both  an  ufeful  and 
an  amazing  fpedfacle,  for  its  continents  and  feas  may  be 
plainly  perceived  by  them,  as  well  as  its  rapid  motion 
round  its  axis.  • {Proved  by  the  Orrery.) 

■ \ 

The  planets  as  well  as  their  fatcllites  being  enlightened  by 
the  fun,  muft  eaft  Jhadows  towards  that  part  of  the  heavens 
oppofite  to  the  fun.  Was  the  earth  bigger  than  the  fun, 
its  fliadow  would  fpread  and  extend  far  beyond  the  orbit 
of  Mars,  and  confequently  eclipfe  him,  for  he  is  but  42 
millions  of  miles  from  the  earth,  when  they  are  in  con- 
jun61:ion;  but  the  earth’s  fhadow  ’ never  reaches  him, 
therefore  it  muft  end  in  a point  much  fliort  of  that  di(- 
tance ; another  proof  how  much  the  fun  is  bigger  than 
the  earth  : But  the  moon  is  eclipfed  when  file  tails  into 
the  earth’s  ftiadow,  which,  for  the  reafons  above,  can 
never  happen  but  when  flic  is  at  the  full,  becauic  that  is 
the  only  time  when  the  is  oppofite  to  him;  but  ivas  file 
a luminous  body  file  could  not  be  darkened  by  the  earth’s 
fhadow.  (Proved  by  a real fun  and  moon.) 
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The  fun  is  eclipfed  when  the  moon  pafles  direi^lly  be- 
tween him  and  any  part  of  the  earth  ; this  can  only  hap- 
pen at  the  change  of  the  moon.  (Proved  in  like  manner.) 

Was  the  moon’s  orbit  in  the  plane  of  the  earth’s  path 
round  the  fun,  lire  would  be  eclipfed  every  time  Ihe  came 
to  they«//,  and  would  eclipfe  the  fun  every  time  fhe  came 
to  the  change  ■ but  one  half  of  her  orbit  is  on  the  north  Jide 
of  the  eclipfe,  and  the  other  half  on  the  fojnh  Jide  of  it, 
and  muft  therefore  cut  the  ecliptic  in  two  oppofite  points, 
called  tne  moon  s nodes.  The  angle  of  this  orbit  with  the 
ecliptic  is  5 degrees  and  one  third.  (Shewn  on  the  Orrery.) 

When  the  moon  is  at  full,  above  12  degrees  from  either 
of  thefe  nodes,  fhe  phifes  clear  of  the  earth’s  fhadow,  and 
cannot  be  eclipfed;  ahd  when  flie  changes  above*  18  de- 
grees from  either  of  therhj,  fhe  paifes  either  above  or  below 
the  fun,  and  therefore  cahnot  eclipfe  him  ; But  if  file  be 
at  full  or  change  within  thbfe  diftances,  then  an  eclipfe 
happens,  and  if  fhe  be  in  the  node,  the  eclipfe  is  central. 
^E.xplained  by  the  Orrery.) 

If  thefe  nodes  kept  always  in  the  fame  figns  of  the' 
ecliptic,  the  lun  and  moon  would  always  be  eclipfed  in 
the  fame  places  and  at  the  fame  time  every  year  : — but  the 
cclipfes  fall  back  every  year  from  the  eaft  to  the  weft,  in 
fuch  a manner  as  to  prove  that  the  moon’s  orbit  moves 
backwards  19  degrees  one-third  every  year,  fo  that  in  18 
years  and  225  days  there  is  a period  or  reftitution  of  the 
lame  eclipfes;  and  they  then  appear  in  the  fame  places 
and  the  fame  time  as  before.  (Illnjirated  by  the  Orrery.) 

The  earth  and  moon  are  chained  to  one  another  as  it 
were  by  their  mutual  attraHion,  which,  like  the  fun  and 
planets,  is  in  proportion  to  their  quantities  of  matter.  If 
an  heavy  and  light  ball  be  tied  to  the  two  ends  of  a firing 
a yard  long,  and  tofled  up  into  the  air,  they  will  -form  to 
themfelves  a centre  of  gravity.  On  this  centre  of  gravity 
the  earth  and  moon  revolve  in  equilibrio,  and  its'diftancc. 
from  their  centres  is  inverfely  as  their  quantities  of  mat-i 
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ter,  vh.  6000  miles  from  the  earth’s ; confequently  the 
centre  of  gravity  forms  the  real  orbit,  and  makes  the  earth 
12000  miles  nearer  the  fun  at  the  time  of  full  moon,  than 
at  the  time  of  change.  This  is  demonftrable  by  the  fun  s 
appearing .fo  much  larger  at  the  full  than  at  the  change 
of  the  moon.  ( Proved  by  the  whirling  tables.) 


The  further  any  part  of  the  earth  is  from  this  centre  of 
o-ravity,  the  greater  is  its  tendency  to  fly  off  in.  a tangent, 
^therefore  the  fide  of  the  which  is  turned  away  from 

the  moon  has  greater  centrifugal  motion  than  its  center 
has  • and  this  centre  a greater  than  the  fide  next  the  moon. 
At  the  earth’s  centre,  the  moon’s  attraftion  balances  the 
centrifugal  force,  but  muft  he  fironger  ih^xi  the  centnfu- 
<ral  force  of  the  fide  f the  earth  next  her,  and  weaker  than  the 
centrifugal  force  of  the  fide farthef from  her  As  the  moon  s 
attraaion  is  greater  than  the  centntuga  force  on  that  fide 
of  the  earth  next  the  moon,  of  courfe  the  h^/ewill  rife  on 
that  fide ; But  as  the  centritiigal  force  on  the  oppolite 
fide  is  greater  than  the  moon’s  attraaion,  the  tide  will 
alfo  rife  on  that  fide  ; hence  the  reafon  of  two  tides  m 25 
hours.  (Proved  by  the  tide  table.) 

The  fun  agitates  the  water  in  proportion  to  the  moon, 
ns  2 to  10  ; therefore,  when  the  fun  and  moon  draw  in 
\he%medireaion,  they  caufe  is  fpring  tide  and  this  happens 
at  the  change  of  the  moon.  If  the  earth  had  no  moon,  the 
fun  would  laufe  a tide  in  its  oceans,  therefore  at  the 
full  of  the  moon  fpring  tides  happen  as  well  as  at  the 
change,  for  the  fun’s  centrifugal  tide  being  reinforced  W 
?he  Lon’s  attraaion,  and  the  moon’s  centrifuga  tide 
hy  the  fun’s  attraaion,  fpring  tides  happen 
and  change  of  the  moon  ; but  at  the  quarters,  trhent  y 
atLa  xLtnraryd, reamt.  they  deftroy  the  cffeas  of  each 
Other  in  a degree,  and  then  we  have  neap  tuhs.  At  the 
equinoxes  the  fun  and  moon  being  both  on  or  near  the 
equator,  their  attraaion  is  more  in  a line  than  at  moft 
other  feafons.  hence  the  predigtem 

follow  thefli  feafons,  bptb  m the  air  and  lea.  A pianiji 
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alfo  falling  in  conjun6lion  with  the  fun  and  moon,  will 
increafe  the  tides  ftill  more.  (Shewn  hy  the  tide  tables.) 

The  air  being  a fluid  much  lighter  than  water,  is  more 
affedled  by  the  moon’s  attraction.  Hence  at  the  full  and 
change  the  barometer  is  moil  alFeCted  ; and  fome  fay  lu- 
natics are  more  affeCted  at  thofe  feafons. 

To  the  Inhabitants  fituated  at  a confiderable  diftance 
from  the  equator,  the  different  parts  of  the  ecliptic  rife  at 
very  different  angles  with  the  horizon.  In  northern  lati- 
tudes, the  figns  P'tfces  and  Aries  rife  with  the  fmalleji 
angles ; Virgo  and  Libra  with  the  greatejl ; therefore  when 
the  moon  is  in  Pifces  and  Aries  Ihe  mu  ft  rife  nearly  at  the 
fame  hour  for  fix  or  feven  days  together.  In  winter  the 
moon  is  in  thofe  figns  about  the  time  of  her  firft  quarter, 
but  as  fhe  muft  then  rife  about  noon,  that  rifing  is  not 
taken  notice  of.  In  fpring  the  moon  is  in  them  about  her 
change, hwt  as  fhe  then  gives  light,  her  riling  is  alfo  un- 
noticed. In  fummer  flie  rifes  in  Pifces  and  Aries,  in 
her  third  quarter,  about  twelve  o’clock  at  night,  confe- 
qucntly  the  phaenomenon  is  feldom  regarded  ; but  in 
autumn  thofe  figns  are  oppofite  to  the  fun,  and  therefore 
the  moon  muft  be  full  in  them,  and,  very  ufefully  for 
the  farmers,  rifes  in  their  harveft  immediately  after  fun- 
fet  for  feveral  evenings  together,  and  thence  acquires  the 
name  of  the  harveji  moon.  (Proved  by  the  Orrery  and  Globe.) 


M 
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LECTURE  XII. 


ASTRO  NOMT. 


'T^HE  planets  are  retained  in  their  orbits  by  the  power  of 
gravity ; — but  as  the  fun  is  by  far  the  largeft  body  In 
our  fyllenri,  if  no  other  power  a6ted  on  them  they  would 
be  drawn  down  tp  the  fun.  All  bodies  therefore  that  move 


pulfe  at  its  creation,  fo  that  between  one  power  drawing  to 
the  centre,  and  another  ailing  perpendicular  to  it,  the  planets 
are  impelled  in  eliptic  orbits  round  the  fun,  as  a pebble 
tied  to  a mill  -ftone,  and  thrown  from  the  hand,  would 
revolve  round  the  mill-ftcJne.  Ati  idea  of  this  is  given 
by  a ball  impelled  fvngly  in  a fquare  in  two  diredlions, 
one  perpendicular  to  the  other;  when  they  both  a6l  they 
give  the  diagonal  of  the  fquare,  &c. 

Our  fyftem  mull  be  conceived  as  within  the  concave 
fphere  feeming  to  be  formed  by  the  fixed Jlars,  and  the  /«« 
as  near  the  centre  of  it,  an  huge  globe  of  fitc>  near  a mil- 
lion of  miles  in  diameter,  and  near  too  millions  of  miles 
from  the  earth,  according  to  calculations  made  from  thcj 
tranlits  of  Venus. — He  turns  round  on  his  axis  in  25  days] 
and  8 hours,  as  mav  be  feen  by  fpots  on  his  face  ; and  wasl 
no  doubt  intended  to  give  light,  heat,  and  vegetation  to] 
the  fix  primary  and  ten  fecondary  planets  which  revolv<^ 
round  him.  \ 


' fuppofe  the  Almighty  gave  each  planet  this  kind  of  im 


in  turves,  as  the  planets  do  round  the  fun,  mull  be  adled 
upon  by  two  principles  \ and  motion  being  reililineal,  vte 
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All  thefc  planets  move  round  the  fun  from  wejl  by 
fouth,  to  eaji^  in  orbits  nearly  circular,  and  almoft  in 
the  fame  plane.  The  comets  move  in  all  manner  of 
diredtions,*!  in  orbits  which  are  very  long  ellipfes, 
much  inclined  to  one  another,  and  to  all  the  orbits  of 
the  planets.  The  tails  of  comets  are  only  thin  va- 
pours ; for  if  they  were  flame  no  ftar  could  be  feen 
through  them. 

The  time  in  which  any  planet  goes  round  the  fun  is 
the  length  of  its  year ^ and  the  time  on  which  it  turns  round 
on  its  axis,  is  the  length  of  its  day  and  night  taken  together, 
as  reprefented  on  the  Orrery. 

The  neareft  planet  to  the  fun  is  Mercury,  he  goes  round 
him  in  87  days  23  hours,  is  about  3000  Englifh  miles  in 
diameter,  and  diftant  from  the  fun  42  millions  of  miles  ; 
he  moves  in  his  orbit  about  100  thoufand  miles  every 
hour ; the  length  of  his  days  and  nights  are  unknown, 
being  but  56  times  the  fun’s  apparent  diameter  from  him  ; 
he  fets  and  rifes  too  near  the  fun  for  any  obfervations  to 
be  made  of  his  fpots. 

Venus  goes  round  the  fun  in  224  days  17  hours,  her 
diameter  is  near  7,900  miles,  her  diftance  from  the  fun  is 
79  millions  of  miles,  her  hourly  motion  in  her  orbit  is  69 
thoufand  miles,  and  Ihe  turns  round  on  her  axis  in  24 
days  8 hours  of  our  time.  By  her  axis  inclining  75  de- 
grees from  a perpendicular  to  her  orbit,  (agreeable  to  the 
older  aftronomers),  Ihe  has  two  fummers  and  two  win- 
ters at  her  equator.  • 

Her  orbit  alfo  deviates  three  one-half  degrees  from  the 
plane  of  the  ecliptic,  fo  that  Ihe  has  two  nodes,  or  places 
where  fhe  crofles  the  ecliptic,  one  in  the  14th  degree  of 
Gemini,  and  the  other  in  the  14th  of  Sagittarius.  If  the 
earth  happens  to  be  in  thofe  figns  when  Jhe  is,  then  we 
fee  her  tranfit  over  the  fun’s  face,  a phaenomenon  which 
happened  the  ill  of  April,  1761,  and  gave  the  aftronomers 

'M2 
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the  opportunity  of  calculating  the  fun’s  parallax,  viz. 

7"  40"'  and  of  confequence  his  diflance,  as  well  as  that 
of  the  planets. 

The  earth  is  the  next  planet  in  the  order  of  the 
lyftem. 

Mars,  fllll  higher  in  the  fyftem,  is  167  millions  of 
miles  diflant  from  the  fun,  moves  at  the  rate  of  47,000 
jniles  an  hour,  goes  round  the  fun  in  678  days,  and 
turns  round  on  his  axis*  in  23  hours  39  minutes  and  22 
feconds,  at  a medium,  according  to  Dr.  Herfchel’s  ob- 
fervations  on  a fpot  on  the  face  of  Mars ; though  he 
obferves  his  motion  not  to  be  regular.  He  is  about  one- 
fifth  as  large  as  our  earth ; his  red  appearance  is  fuppofed 
to  be  occafioned  by  a grofs  thick  atmofphere  with  which 
he  is  furrounded,  and  which  is  fuppofed  to  fupply  hi§ 
want  of  a moon. 

Jupiter,  the  largeft  of  the  planets,  is  570  millions  of 
miles  diftant  from  the  fun,  and  above  400  millions  from 
our  orbit;  he  moves  round  the  fun  in  about  12  years  of 
our  time,  at  the  rate  of  30,000  miles  per  hour ; he  is  near 
90,000  miles  in  diameter  (/.  e.  near  1000  times  as  large 
as  our  earth)  is  accompanied  by  four  moons,  feme  bigger 
and  fome  lefs  than  the  earth,  which  revolve  round  him 
as  our  moon  does  round  us ; and  the  faint  fubftances 
on  his  face,  called  his  belts,  are  fuppofed  to  be  parts  of 
his  atmofphere  drawn  into  lines  by  his  exceeding  quick 
revolution  on  his  axis,  which  is  once  in  9 hours  49 
minutes. 

» 

Saturn,  the  fecond  in  magnitude,  and  hitherto  confi- 
dered  the  moft  diftant  of  all  the  planets,  is  949  millions 

of  miles  from  the  fun  ; near  70,000  miles  diameter ; 

moves  at  the  rate  of  18,000  miles  an  hour, but  is  too  . 

remote  for  his  fpots  to  be  feen.  He  is  equipt  with  five 
moons,  (Dr.  Herfchel  has  feen  two  more)  beftdes  a broad 
luminous  ring  which  alfo  refledls  the  fun’s  light  ftrongly 
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M'pon  him.  This  planet  is  near  30  of  our  years  In  making 
his  revolution  round  the  fun. 

The  Georgian  Planet  (or  rather  the  Herfchel)  fo  called 
by  its  ingenious  and  indefatigable  difcoverer  Dr.  Herfchel; 
was  firft  feen  near  one  of  the  feet  of  Gemini ; its  year 
is  calculated  to  be  Saf  of  ours,  its  diftance  twice  that  of 
Saturn  from  the  fun,  and  its  fize  100  times  as  large  as 
our  earth. 

Thefe  calculations  are  the  lateft  and  moft  accurate 
that  have  been  made ; they  are  given  in  round  numbers, 
to  eafe  the  memory , and  are  founded  on  mathematical  as 
w'ell  as  occular  certainty. 

By  an  attempt  at  the  fame  kind  of  calculation  to  'find 
the  diftance  of  the  fixed  fiars,  ’twas  found  that  the  whole 
diameter  of  the  earth's  orbit  would  not  make  a parallax  or 
angle  with  the  nearejl  of  them  ! Their  diftance  therefore 
muft  be  inconceivably  great.  Light  diminiftiing  as  the 
fquares  of  the  diftances  increafe,  the  fun’s  rays  therefore 
cannot  enlighten  the  fixed  ftafs  ; and  a telefcope  which 
magnifies  400  times  does  not  /enfibly  magnify  them  ; ’tis 
therefore  highly  probable  they  are  funs  like  ours,  Ihine 
by  their  own  unborrowed  luftre,  were  not  intended  for 
our  fervice,  but  to  give  light,  heat,  he.  to  fyfteins  of 
worlds  of  their  own,  formed  probably  for  the  fame  pur- 
pofes  as  ours,  though  too  remote  for  our  eyes  aflifted  by 
the  beft  glafles  to  perceive.  We  find  the  worlds  of  our 
fyftem  covered  with  continents,  feas,  hills,  &c.  Who 
can  doubt  therefore  but  they  are  inhabited,  as  well  as 
all  the  worlds  of  the  other  fyftems  ? How  much  too  big 
is  this  idea  for  the  human  imagination  ! By  the  lately 
improved  telefcopes  thirty  thoufand  of  thefe  funs  have 
been  found  more  than  the  naked  eye  can  perceive  ! Were 
our  glafles  ftill  better,  we  fhould,  no  doubt,  find  more 

’tis  not  improbable  there  may  be  ftars  fo  diftant  that 

their  light  has  not  reached  the  earth  fince  the  creation. 
Many  of  thofe  ftars  appear  double,  and  coloured  green, 
blue,  red,  violet,  &c. 


Let  us  on  the  wings  of  imagination  then  launch  into 
the  immenfity  of  fpacc,  and  behold  fyjiem  beyond  fyjiem, 
above  us,  below  us,  to  the  eaji,  the  weji,  the  north,  th« 
fouth  ! Let  us  go  fo  far  as  to  fee  our  fun  but  a Jiar  among 
the  reft,  and  our  fyftem  itfelf  as  a point,  and  we  fliall  but 
even  then  find  ourfelves  on  the  confines  of  creation!  How 
inadequate  then  muft  be  the  utmoft  ftrctch  of  human  fa- 
culties, to  a conception  of  that  amazing  Deity  Who  made 
and  governs  the  whole ! Should  not  the  narrow  preju- 
dices, the  littlenefs  of  human  pride  foften  into  humility 
at  this  thought  ! 


EXPLANATION 


Of  fuch  uncommon  Words  as  cannot,  without 
affedation,  be  omitted  in  this  Course. 


ydBSO RBy  to  drink  in. 

Acid,  four. 

Accelerated,  haftened,  hurried 
forward. 

Accumulate,  to  heap  up. 

Adhejion,  the  fticking  together. 

Affinity,  related  to,  having  an 
affedtion  for. 

Alkali,  fixed  fait  or  fubftances 
effervelfing  with  acids. 

Analogy,  likencfs,  proportion. 

Apparatus,  inftruments  for  ex 
periments. 

AttraSlion,  a drawing  together 

Axis,  an  axle  on  which  any 
thing  turns. 

C 

Capillary,  fmall  as  an  hair. 

Calcs,  the  earth  or  cinders  of  a 
metal. 

Centrifugal,  adireftion  given  to 
a body  different  from  that  in 
dining  to  the  centre. 

Centripetal,  tending  towards  the 
centre. 

Cohefon,  clinging  or  flicking  to- 
gether. 

Collateral,  lying  fide  by  fide. 

Comprefs,  to  fqueeze  together. 

Concave,  fpherically  hollow. 

Condenfe,  to  bring  the  parts  of 
matter  clofe  together. 

ContaB,  touching  each  other. 

Convex,  fwclling  fpherically 
outwards. 

^Converge,  to  draw  towards  a 
point. 


ChrffialUzation,  falts  (hooting 
into  their  ufual  forms. 

Cylinder,  like  a rolling  flone. 

Denjity,  compadnefs,  clofenefs. 

Diagonal,  the  line  running  be- 
tween oppofite  corners  of  a 
fquarc. 

Diverge,  to  fpread  out. 

E 

a bubbling  like  boil- 
ing water. 

ElaJ.  lie,  having  a fpring. 

EleBrometer,  an  eledrical  gage. 

Efferve/cence,  a ferment  or  dif- 
charge  of  fixed  air,  « waxing 
hot. 

Ellipfes,  an  oval  line  or  furfacc, 
F 

Filre,  a fmall  flring. 

Flaccid,  lax,  loofe,  or  flabby. 

Fulcrum,  a prop  or  point  of 
fupport. 

Frigorijic,  chill,  or  caufingcold. 
G 

Gravity,  weight,  or  the  tenden 
cy  one  body  has  to  another.- 
H 

Hemifphere,  half  a globe. 

Hermetically  fealed,  tube  clofed 
with  melted  glafs. 

Hypothefis,  a fuppofition. 

I 

Immerfe,  to  dip  or  plunge  in. 

Impel,  to  drive  onwards. 

Incompreffihle,  not  to  be  fqueezcd 
into  lefs  compafs. 

Incidettftf 
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Incidence^  a'  fHUin|[  ^i^ting 

on* 

Infulata,  t(^ttir<»ff,‘Uk<J3mUland. 

r^'^ti^rvajsj'or  interoie- 

diaVi-fcfe  • • 

. L 

JjaiiraV,  fideway. 

Longitudinal'^  lengthwife. 

' M. 

Medium,  a means  of  conveyance. 
MoWntum,  the  moving  force  of 
abbdy.-’^ 

N. 

Jdo7nc7iclaturc,  a fyftem  of  rela- 
lative  names  given  to  chemi 
cal  fubftances. 

O. 

OlUq7ie,.  crooked,’  'incRuing. 
Orb^'^  tfaft'  defcribed  by  a 
plahe’t  round  the  fun. 
0:7^in'bus  Principle,  dephlogif- 
air. 


P. 


of  .a  ftroke'.'  , 

Perforate,  to  bore  through. 
Pijlon,  a moveable  plug,  juft 
fitting  a pipe. 

Phano7/ie7ion,  an  appearance  in 
nature. 

' phlogiJlo7i,  one  of  the  priridples 
• •.•of  mftammabilif^  in  bodies 
in' 


Pores,  Oi\all  inter 

Pr(pb7ideraie,  to 

’•  --nigjfvnf'r.  ■; 

ProjePPdeL  a body  [n  mcSliol^^ 
caff''bi'tlh‘o\vn. 

Rarefy  f folTihi,  ^to  make  denfe 
matter  we^i?i‘. 

> 'ReJleHib7i,  i^botnding  back,  re 
turning.  - ' ' 

'"Reciprocal,  mutual,  relative. 

F I IS 


RefraEl,  td-incline,  or  break; 
Refcrvoir,  a ciftern,  or  head  for 
a Tcferve  of  water. 
Reverberate, to  beat  back,to  echo 
Rotation,  returning  about. 

S. 

Satiiration,  abforption,  drinking 
in,  &c. 

Secrete,  to  feparate. 

Senforium,  the  feat  of  perception 
in  the  brain.  • • 

Solution,  a folid  diflblvcd  in  a 
fluid. 

Species,  fort  or  kind. 

Specific,  peculiar,  bulk  for  bulk. 
Spiral,  like  a rope  coiled  round. 
Suhterrasieous,  within  the  earth. 
Suhli$eation,  diftillation  of  dry 
fubftances. 

Syphon,  a bent  tube,  or  crane. 
Syfiesn,  compofing  a general 
ftrudure. 

T. 

Tangent  i llplght  line  touching 
'the  circumference  of  a circle. 
Tangible,  .capable  of  being  felt 
■ ' or  handled. 

Tenacity,  a clinging  together; 
Tehfiotrf^-a.  ftretching  out.  ' 
Trdnfit%  the  palling  of  a planet 
b^pr§  the  face  of  another,  or 

tthefirh.' 
a pipe. 

V. 


el^MIi  be  -^cusm,  alpace  devoid  of  air. 
‘^Jjtt^'atrn'pdoor,  letting  a fluid 
IWme-thrtj’  biit  hbr  return. 

’ . Relocl^f  the  moving  fpeed. 

= 0rte%  the  pbintiat  the  top  of 
’ 'anything. 

Vibrate,  to'fwing  3s  a pendulum. 
lT7iduldting\;rAoy\^%  in  waves. 
Volatile,  ^ubjed  to  evaporate  or 
fly  off. 

I S. 


